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L  E  C  T  tr  R  E    L 


I.  The  bufinefs  of  Natural  Philofophy  is  to 
defcribc  the  phenomena  of  the  univerfe ;  to  trace 
the  relations  and  dependencies  of  caufes ;  and  to 
make  art  and  nature  fubfervient  to  the  neceffities 
of  life. 

IL  It's  reality  depends  on  the  reality  of  our  fen- 
fations ;  and  is  not  therefore  afTeded  by  the  ex- 
iftehce  or  non-exiftence  of  an  external,  material 
world. 

III.  Natural  Philofophy  has  originated  from  the  . 
wants  and  defires  of  man« 

IV.  The  inducements  to  purfue  the  ftiidy  of 
this  fcience  are,  ift.  It's  extenfive  influence  in 
improving  arts  and  manufadtures.    adly.  It's  lay- 
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ing  a  fare  foundation  of  natural  religion,  .^dly.  It's 
promoting  the  proper  difcharge  of  our  duty  in 
it's  three  great  branches,  to  God,  to  man,  and  to 
ourfelves  :  to  God,  in  acquiring  proper  fentiments 
of  his  attributes,  by  contemplating  his  works;  to 
man,  in  cultivating  the  valuable  and  n^ceflary  arts 
of  lifcy  by  a  Ikilful  application  of  the  powers  of  na- 
ture ;  to  ourfelves,  by  exercifing  our  minds  on  the 
moft  glorious  and  interefthig  objefts;  and  thus 
ftrengthening  our  reafon,  fhaking  off  contrafted 
prejudices,  and  every  day  making  a  farther  progrefs 
in  the  contemplation  of  truth. 

V.  The  difference  between  the  Epicureans  and 
Fatalifts  confifls  in  this,  that  the  one  fe£t  maintains 
the  world  to  be  a  work  of  mere  chance,  the  other 
of  abfdlute  necefiity. 

VL  Both  thefe  Atbeiftical  fefts  are  refuted,  the 
one  by  the  uniformity,  the  other  by  the  variety  of 
nature. 

Wotfe  and  Leibnitz  Jiave  introduced  the  doftrine  of  nc- 
Gcflity  under  a  different  form  from  that  of  the  ancient  Fata^ 
lifts.  The  neccffity  of  the  Ancients  was  a  Wind  ncccffity, 
dcftitutc  of  all  wifdom  and  choice ;  the  ncccffity  of  Leibnitz 
confifts  in  this,  that  an  intelligent  being  mud  be  iletennined 
by  afuffident  reafon  ;  for  nothing  happens  without  a  fufficient 
reafcni,  why  it  fliould'be  fo  radierthan  cltberwife ;  but  that 
fufiicient  reafon  accosding  to  him  lies  in  the  differences 
of  things  and  motives,  fo  tliat  the  mind  is  ncceflarily  deter- 
mined 
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mined  in  its  volitions  and  ele£^ions  by  the  greateft  apparen): 
good  \  and  it  is  impoiBUe  to  mal^e  a  choice  between  things 
perfe^Uy  alike^  from  whence  he  infers,  tha{  twp  things 
perfe&ly  alike,  differing  jHo  numero,  or  only  becaufe  thpy  are 
two,  could  not  have  been  produced  by  the*Deity.  But  to  this 
do£irine  of  Philofophical  Neceflity  it  is  replied,  that  die  Will 
is  a  faculty,  which  is  phyfically  indifferent  toa&ing  or  to  not 
a£ling,  or  to  zCting  in  any  particular  manner,  notwttbftanding 
the  different  afiediions  or  paf&ons  of  the  mind,  raifed  by  di(« 
ferent  objeds  ;  and  which,  by  merely  choofing  a  thmg,  ean 
make  it  agreeable,  dM>ugh  it  had  no  agreement  with  any  na- 
tural appetite,  nay  were  contrary  to  them  all  ^  and  for  the 
Will  to  choofe  a  thing  in  order  to  pleafe  itfelf  in  the  choice,  is 
no  more  to  choofe  without  reafon,  than  to  build  a  houfe^ 
in  order  to  preferve  one  from  the  inclemency  of  the  wea- 
ther, is  to  aft  without  reafon.  Neither  can  the  agent  in 
fuch  a  cafe  be  faid  to  be  determined  by  chance,  becaufe, 
here  i$  no  room  ibr  ,cfa^ce,  if  by  chance  be  underftood 
that  which  hapjiens  befide  the  intention  of  the  agent ;  for 
the  very  choice  is  the  intention  of  die  agent,  and  it  is  im- 
poffible  that  an  agent  ffiould  intend  befide  his  intention.  Sec 
King's  Origin  of  Evil,  and  Bishop  Law's  Notes  ^  and  alf9 
limborch  Thepl.  Lib.  2.  cap.  ^3. 

VIL  Syftem  confifts  in  the  claffification  of  phas- 
nomena. 

VIIL  The  obftacles  which  impeded  the  Ancients 
in  founding  a  rational  fyftem  of  PI>yfics  were,  Fitft, 
The  want  of  many  inftruments  difcovered  by  the 
moderns.    Secondly,  Th^ir  not  having  had  recourfe 

B  2  tQ 
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to  Mathematical  reafoning.    Thirdly,  The  influ- 
ence of  the  Ariftotclic  Philofophy. 

IX.  Lord  Verulam  was  the  great  founder  of  Ex- 
perimental Philpfophy, 

To  reader  Natural  Philofophy  truly  fruitful,  he.propofed 
that  two  different  modes  of  reafcming  fhould  be  duly  coin-» 
bined,  which  he  called  the  Scala  Afcenforia  &  Defcenfiria, 
the  former  leading  from  experiments  to  general  concluliong^ 
the  latter  from  general  conclufions  to  new  difcovcrics.  Thcfc 
arc  othcrwifc  called  the  Analytic  and  Synthetic  methods, 
which  were  afterwards  purfued  by  Newton  with  fo  much 
fuccefe. 

X.  To  folve  a  phsenomenon  i^  only  to  deduQe  it 
from,  or  (hew  that  it  is  included  under  fpme  gene- 
ral head ;  not  to  affign  its  efficient  cayfe,  which  per- 

'haps  may  be  unmechanical. 

XI.  Occult  caufes  are  fuch  as  have  not  been 
proved  to  exift  by  any  experiment  or  concIufi\-e 
chain  of  reafoning. 

XII.  Magnetifm,  Eleftrieity,  or  Gravity  are  not 
to  be  rejefted  as  occult  caufes,  becaufe  their  nature 
i?  unknown, 

XIIL  Analyfis  (hould  precede  Synthefis,  other- 
>vife  we  can  never  be  certain,  that  we  do  not  aflume 
powers  which  have  no  exiftence  in  nature. 

XIV.  In  the  Newtonian  method  of  Philofophi- 
^ing  three  things  are  to  be  confidered  i  ift.  The  to- 

pics 
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pics  of  experimental  enquiry  andobfeivation.  zd\^. 
The  manner  of  inftituting  experiments.  3dly.  The 
rules  to  be  obferved  in  reafoningon  experiments, 
and  deducing  general  conclufions*. 

XV.  Jnji^nces  of  the  topics  pf  experimental  en- 
quiry are  various^  as 
.  I.  The  progrefs  of  nature  in  generating  or  de- 
ftroying,  encreafing  or  diminilhing  the  fame  pro- 
perty in  the  fame  body, 

Thus  water  when  cold  to  a  certain  degree  becomes  fo- 
lid  and  confiftent ;  when  it  fuffers  only  a  gentle  beat,  it  is 
liquid;  when  heated  to  the  21 2th  degree  of  Farenheit,  it 
Is  converted  into  an  daftic  vapour.   . 

^.  Theprocefs  of  nature  in  diftributing  the  fame 
property  to  different  fubftanccs. 

Thus  the  refra^ve  and  difperfive  powers  are  different  in 
difierent  kinds  of  glji{3, 

3.  The  different  properties  with  which  the  fame 
property  is  combined  in  different  bodies. 

Thus  folttbility  in  water  is  a  property  common'  to  every 
fpecies  of  faline  fubftance. 

4.  What  thofe  properties  are  which  are  feldom 
or  never  found  united. 

As  malleability  and  tranfparency. 

5.  Tl\e  tranfttion  of  nature  from  one  quality  to 
another. 

As,  in  fermentation  from  fweetnefs  to  acidity,  and  frop 

acidity  to  alkaline  faltnefs.  -      ^-V' 

.     6^  Wlfethcr 
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6.  Whether  the  fame  eflfed  in  different  bodies 
be  produced  in  the  fame  or  different  ways. 

As  whether  the  emiflion  of  light  is  produced  in  the  £uiie 
^ay  or  not  by  the  Sun,  culinary  fire,  eled^ricity,  putrefac-p 
tion.  I 

7*  In  what  cafes  the  fame  caufe  produces  diffe- 
rent, and  fometimes  contrary  effedts. 

Thus  cold  generally  produces  coatra&ioQ,  but  fometimes 
dilatation. 

8.  To  determine  whether  a  known  effed  be  pro- 
duced  by  one  or  more  caufes ;  and  if  by  more  than 
one,  what  is  the  particular  influence  of  each. 

As  what  is  the  peculiar  influence  of  each  ingredient  in 
the  fuhnination  q{  gun-powder. 

9.  The  iimilitude  or  diflimilitude  of  analogous 
parts  or  pperations^  in  different  individuals  or  fpe« 
cies. 

As  in  comparing  the  fpine  of  man  and  four-footed  crea<r 
tures. 

10.  How  the  ufual  operations  of  nature  are  con* 
trolled  and  counteradted. 

As  how  a  fire  ceafes  to  burn  by  being  ezpofed  tp  the 
jSutfs  rays. 

1 1 .  Thofe  produdtions  which  differ  from  the  reft 
of  the  fame  fpecies. 

As  the  unufual  refraflion  of  Iceland  CryftaL 

12.  Thofe  produfti'ons  of  nature  which  are  im- 
perfeft. 

As  the  ipariou9  imperfeft  cryftallizations  of  Bafalt; 

13-  Thp 
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13.  The  properties  of  things  in  their  higheft 
and  lowed  date  of  perfedion. 

As  of  the  beft  and  worft  conftrufted  (hip. 

14.  A  comparifon  of  the  works  of  nature  and 
art. 

As  of  the  yalvesof  a  pmnp  with  the  valves  of  the  heart 
and  veins. 

XVI.  The  manner  of  inftituting  experiments, 
as  laid  down  by  Bacon,  is 

1.  Variation  of  the  experiment,  which  is  three- 
fold, 

ift.  Of  the  fubjeft. 

As  whether  fixed  air  will  ftop  the  putrefa£lion  of  the 
living  body,  in  the  fame  manner  as  in  the  fleih  of  a  dead 
animal. 

2dly.  Of  the  efficient  caufe. 

As  whether  a  vegetable  growing  in  a  veflel  of  confined 
air,  will  render  that  air  noxious,  in  the  fame  manner  as 
an  animal  living  in  it. 

3dly.  Of  quantity. 

As  whether  works  executed  in  the  great^  are  equally  per« 
tt(k  with  their  fimaller  models. 

2.  Produ&ion  of  the  experiment,  which  is  two- 
fold, repetition  and  extenfion  :  as  where  an  experi- 
ment is  either  repeated,  or  pulbed  on  to  a  greater 
degree  ot  fubtilty. 

3.  Tranllation  of  the  experiment,  which  is  three- 
fold, either  from  nature  or  chance  to  art  j  or  from 

one 
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one  art  to  another  ^  or  from  one  branch  to  another 
of  the  fame  art. 

4.  Inverfion  of  the  experiment,  or  where  we 
try  the  contrary  of  that  which  has  been  difcovered 
by  experiment. 

5.  Compulfion  of  the  experiment^  or  where  an 
experiment  is  urged  on  fo  far,  as  that  a  fubftance 
is  adtually  deprived  of  fome  quality,  or  the  effcft 
of  fome  quality  counterafted. 

6;  Application  of  the  experiment,  or  the  for- 
tunate transferring  of  an  experiment  to  fome  other 
ufeful  experiment. 

7.  Conjundion  of  the  experiment,  as  when 
certain  things  have  certain  properties  when  fepa- 
rate,  it  is  tried  whether  tliey  haVe  the  fame  or  dif- 
ferent powers  when  conjoined. 

8.  The  chances  of  experiment,  or  the  trying 
a  conclufion  for  no  other  reafon  than  becaufe  it  ne* 
ver  was  tried  before. 

XVII.  The  rules  to  be  obferved  in  reafoning  on 
experiments  and  deducing  general  conclufions  from 
particular  inftances,  are  as  follow  : 

Rule  I.  More  caufes  of  natural  things  are  not 
to  be  admitted,  than  are  both  true  and  fufficient  to 
explain  the  phenomena. 

Caufes  arc  either  experimental  or  rational :  experiment  is 
the  only  (landard  of  experimental  caufes;  perception  of 

the 
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the  neceflaiy  connexion  of  events  is  the  ftandard  of  ratio- 
nal caufes.    See  R.  Young  on  the  Mechanifm  of  Nature. 

Rule  2.  Of  natural  cfFeds  of  the  fame  kind,  the 
fame  caufe  is  to  be  ailigned. 

Rule  3.  The  qualities  of  all  bodies  which  cannot 
be  increafed  or  diniiniflied,  and  that  agree  to  all 
bodies  on  which  experiments  can  be  made,  are  to 
be  reckoned  qualities  of  all  bodies  whatfoeyer. 

Rule  4.  Proportions  colle<5ted  from  phenomena 
by  induftion  are  to  be  deemed,  notwithftanding 
contrary  hypothefes,  either  accurately  true,  'or  very 
nearly  fo,  until  other  phaenomena  occur,  by  which 
they  may  be  rendered  more  accurate,  or  overturned. 

This  laft  rule  is  ncccffary  in  order  to  prevent  the  pro- 
grefs  in  phyiics  from  being  impeded  by  hypothefes. 

XVIII.  Hypothefes  may  be  admitted  in  Philo- 
fophy,  under  the  following  reftriftions :  i^.  That 
they  be  not  arbitrary,  but  fupported  by  the  reafon 
and  analogy  of  things.  2^7.  That  they  folve  all 
the  phaenomena  to  which  they  relate. 
\  XIX.  Under  thefe  regulations  hypothefes  are 
ufeful.  ift.  They  help  the  memory,  and  i^J.  They 
lead  to  new  difcoveries. 


LEG- 
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LECTURE    IL 


I.  Natural  Philofophy  is  the  ftudy  of  natural 
phsenomena^  in  order  to  difcover  the  forces  which 
pro4uce  them  ^  and  from  thofe  forces,  afTumed  as 
caufes,  to  explain  other  phenomena. 

2.  It  is  divided  into  two  branches,  i^.  That 
which  treats  of  the  anions  of  bodies,  by  which  their 
cflential  properties  arc  changed.  2^.  That  in 
which  thofe  properties  are  not  changed,  which  is 
Mechanical  Philofophy. 

3.  Mechanical  Philofophy  is  twofold,  Terreftrial 
Mechanics  and  Phyfical  Aftronomy. 

4.  The  objedt  of  Natural  Philofophy  is  matter; 
by  which  we  are  to  underftand  an  affemblage  of  the 
fenfible  qualities  of  extenfion,  figure,  folidity,  in- 
activity, and  mobility,  together  with  a  power  of 
exciting  certain  fenfations  in  us,  and  of  changing 
the  qualities  of  other  bodies. 

5-  Ariftotle 
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5.  Ariftotle  defined  matter  by  negatives,  as  hav^ 
ing  neither  quantity,  nor  quality,  nor  effence. 

6.  Des  Cartes  made  the  effence  of  matter  to 
confift  in  extenfion;  but  this  dodrine  is  refuted 
by  Locke. 

7.  The  effence  of  matter  confifts  in  extenfion, 
impenetrability  and  inertnefs. 

Though  we  Imow  in  what  the  eflence  of  matter  in  gene*' 
rat  confifts,  yet  we  are  entirely  ignorant  of  the  eflence  of 
individual  beings^ 

8.  All  bodies  are  extended. 

9.  All  bodies  have  fome  determinate  figure. 

10.  All  bodies  are  divifible  either  in  faA,  or  in 
imagination. 

If  we  fpeak  of  that  divifion  which  we  conceive  in  our 
unagination,  body  is  infinitely  divifible. 

1 1 .  By  art  body  may  be  divided  into  parts  of 
furprifing  minutenefs. 

12.  But  Nature  affords  corpufcles  of  fuch  ex- 
treme minutenefs,  as  furpaffes  all  imagination. 

13.  Matter  is  demonftrated  to  be  infinitely 
divifible  in  a  mathematical  view^ 

14.  There  is  a  limit  however  to  the  aftual  di- 
vifion of  matter,  which  thoygh  different  perhaps 
in  different  bodies,  art  cannot  exceed,  and  nature 
in  her  operations  never  appears  to  tranfgrefs. 

C  2  15.  Matter 
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15.  Matter  therefore,  we  arc  to  fuppofc,  was  ori- 
ginally created  in  primary  particles  of  definite  mag- 
nitude, whofe  parts  arc  imaginary  only,  not  real. 

Thefc  elementary  particles  therefore  arc  totally  different 
from  the  Monads  of  Wolfe  and  Leibnitz,  which  were  the  ul- 
timate and  fmalleft  particles  of  bodies,  deftitute  of  magnitude, 
and  incapable  of  any  farther  divifion,  even  in  imagination. 
But  if  thefe  monads  be  extended,  they  muft  be  capable  of 
fubdivifion,  at  leaft  in  imagination ;  and  if  they  be  not  ex- 
tended, they  cannot  be  the  elements  of  extended  body. 

Hence  is  (hewn  the  inconclufivenefs  of  Prieftley's  Hypo- 
thefis,  who  fuppofts,  that  if  the  forces  of  attraftion  and 
repulfion  were  to  ceafe,  matter  would  at  the  fame  time  be 
adtually  annihilated. 

16.  All  bodies  are  porous. 

17.  From  the  poroufnefs  of  bodies  and  the  ex- 
treme minutenefs  of  their  conftituent  particles,  it 
happens,  that  fluids  will  infmyate  themfelves  into 
all  bodies  ;  and  that  fometimes  a  mixture  of  two 
fluids  will  be  lefs  in  bulk,  than  when  they  are  fe-: 
parate. 

18.  From  the  poroufnefs  of  bodies  it  follows, 
that  the  fame  quantity  of  matter  is  not  always 
contained  under  the  fame  magnitude:  and  hence 
arifes  the  idea  of  Denfity,  or  that  property  of  bo- 
dies by  which  they  contain  a  given  quantity  of 
matter  in  a  given  bulk  ^  which  therefore  is  directly 

as 
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as  the  quantity  of  matter  and  iaverfely  as  the  mag« 
nitude  of  the  body. 

Since  from  experiments  on  pendulums  it  appears,  that 
the  quantity  of  matter  in  different  bodies  is  proportional 
to  their  weight,  it  follows,  that  the  denfity  of  any  body  is 
dire&ly  as  its  weight,  and  inverfely  as  its  magnitude. 

19.  From  the  extreme  tenuity  to  which  mat- 
ter may  be  reduced,  the  following  paradoxes  are  de- 
rived. 

1^.  A  hollow  cube  whofe  fide,  and  therefore  alfo 
a  concave  fphere  whofe  radius  (hall  be  equal  to  any 
line  however  great,  may  be  formed  from  any  quan- 
tity of  matter  however  fmall. 

2<"y.  It  is  poffible,  that  any  given  quantity  of  mat- 
ter, however  fmall,  may  be  fo  difFufed  through 
aijy  given  finite  fpace,  however  great,  and  fo  fill 
it,  that  there  (hall  be  no  pore  in  it,  whofe  dtame* 
ter  will  exceed  the  fmalleft  giyen  line. 

3<"y.  There  may  be  two  bodies  of  equal  magni- 
tude^ whofe  quantities  of  matter  are  unequal  in  any 
given  ratio,  and  yet  the  fum  of  thpir  pores  (hall  be 
very  nearly  equal. 

This  paradox  is  true  only  on  the  hypothefis,  that  the 
folid  matter  of  the  denfer  of  the  two  bodies  occupies 
but  a  fmall  part  of  the  entire  fpace,  through  which  the 
whole  matter  is  diffiifed. 

20.  The  pores  of  animals  are  not  to  be  con- 
founded with  the  inorganic  pores  of  dead  matter, 

which, 
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which,  not  belonging  to  any  veffels,  are  dijffufed 
through  the  entire  mafs  ;  but  the  pores  of  animals 
are  the  orifices  of  the  fyftem  of  veflels  called  Ab- 
forbents  or  Exhalants. 

21.  Space  is  the  order  of  things  which  coexift. 

It  is  greater  or  lefs  according  to  the  number  of  like  things 
that  either  are,  or  may  be  interpofed  between  its  extremes. 
It  IS  not  therefore  any  thing  really  exifting ;  but  is  a  mere 
abftraft  idea,  arifing  from  our  idea  of  the  aftual  or  pof- 
fible  fituation  of  things  amongft  themfelves. 

22.  Space  is  twofold,  Abfolute  and  Relative. 
Abfolute  Space,  or  fpace  in  the  abftraft,  is  the  order  of 

things  which  do  not,  but  may  exift  together:  Relative 
Space  is  the  order  of  things  a£lually  fo  exifting ;  and  there- 
fore is  the  fame  with  Extenfion.  Abfolute  Space  confi- 
dered  in  one  dire£^ion  only  is  Diftance ;  in  two,  is  Mathe- 
matical Surface ;  in  three,  is  Mathematical  Body.  Rela- 
tive Space  in  one  direftion  is  Length  or  Breadth ;  in  two^ 
is  Phyfical  Surface ;  in  thjree,  is  Extenfion. 

23.  Place  is  the  relation  of  diftance  between 
any  thing  and  any  two  or  more  points,  which  be- 
ing confidered  at  reft,  keep  the  fame  diftance  one 
from  the  other. 

If  the  whole  Univerfc  be  fuppofed  to  be  finite,  we  can 
conceive  it  moved  forward  in  dire&um ;  becaufe  we  can 
fcpnccive  other  external  bodies,  not  part  of  the  Univerfc, 
with  refpeft  to  which  that  finite  fyftem,  called  the  Uni- 
verfc, may  change  its  relation  of  diftance.  But  if  the  Uni- 
verfc 
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▼erfe  be  fuppofed  infinite,  that  is,  to  comprife  not  only  all 
bodies  which  aflually  exift,  but  which  can  be  even  imagin« 
ed  as  poilibly  exifting,  we  cannot  conceive  fuch  rectilineal 
motion. 

24.  Mobility  is  that  property  of  body,  by  which 
it  is  capable  of  exifting  in  different  parts  of  fpace. 

25.  Solidity  is  that  property,  by  which  a  body 
excludes  all  others  from  the  place  it  occupies,  'till 
it  has  left  it» 


LECTURE 


.li^ 
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LECTURE    III. 


I .  Motion  being  a  fimple  idea  cannot  be  de- 
fined ;  we  therefore  dcfcribe  it  only  by  its  fenfible 
cfFedts,  when  we  fay,  that  it  is  a  continual  and  fuc- 
ccflive  change  of  place. 

2.  Change  of  place  is  not  motion,  i^.  Becaufe 
the  fubjedt  of  motion  is  not  the  fame  with  the 
fubjeft  of  the  change  of  place,  i^r.  Tho*  the 
changes  of  place  of  a  body  be  eflentially  different, 
yet  its  motion  may  be  the  fame.  3<"y.  Motion  is 
the  aftion  of  a  body,  by  which  it  changes  place. 

3.  Ariftotle's  definition  of  motion,  viz.  "The 
energy  of  what  exifts  in  power,  confidered  as  fo  ex- 
ifting,"  fignifies,  "  The  aftual  exercife  of  the  ca- 
pacity which  a  being  has  of  becoming  an  agent, 
confidered  as  rendering  that  being  an  agent  in  fadt, 
which  before  had  fimply  the  power  of  being  fo." 

4.  Ariftotle  under  this  genus  of  motion  com- 
prehended fix  different  fpecies,  viz.      i^.  Tranfi* 

tion 
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tion  or  change  of  place.  2'^^  Aliation  or  change 
of  quality.  3'^.  Augmentation.  4^**.  Diminuti- 
on.    5***.     Corruption.     6^.  Generation. 

5,  Hence  Tranfition,  or  Local  Motion,  is  defin- 
ed. The  aft  or  energy  of  a  being  which  has  the 
capacity  of  changing  place,  confidered  as  having 
that  capacity. 

6.  It  has  been  difputed  that  motion,  as  defin- 
ed by  Philofophers,  is  impoffible. 

Let  us  fuppofe,  fays  Gianvil,  the  circumference  of  a 
wheel  to  be  divided  according  to  the  alphabet ;  fince  in 
motion  there  is  change  of  place,  and  in  the  motion  of  a 
wheel  there  Is  a  fucceffion  of  one  part  to  another,  in  die 
fame  place ;  it  feems  inconceivable  that  A  fliould  move, 
until  B  has  left  its  place ;  now  it  cannot  move,  but  it  mufl; 
acquire  fome  place  or  other :  and  it  can  acquire  none  but 
5*8,  wbich  we  fuppofe  to  be  moft  immediate  to  it ;  but  die 
fame  place  cannot  contain  them  both  \  and  therefore  B  mu(b 
leave  its  place,  befote  A  can  get  into  it ;  but  B  cannot  move 
except  into  thejpkce  oi  C\  and  C  muft  leave  that  place,  be- 
fore B  can  come  into  it ;  fo  that  the  motion  of  C  will  be 
pre-required  likewife  to  the  motion  of  A  ;  and  fo  onward 
td  Z,  which  is  next  to  it ;  for  the  fame  reafon  Z  cannot 
move,  until  A  moves ;  neither  will  A  be  able  to  move,  until 
Z  hath,  (as  has  been  Ihcwn  already)  fo  that  the  motion  of 
every  part  will  be  pre-required  to  itfelf,  which  is  abfurd. 
Scepfis  Scientifica,  page  4.  This  obje£lion  is  eafily  anfwer- 
ed  by  afierting,  diat  the  parts  do  not  move  in  fucceflion, 

D  but 
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but  alt  at  once.  To  this  Glanvil  anfwerd^  chat  we  cannot 
conceive  in  a  fuccefBon,  but  that  foitiething  fliould  be  firft» 
and  that  motion  fhould  begin  fomewhere.  This  is  admitted^ 
for  the  motion  of  each  part,  feparately  confidered,  begins 
from  the  point,  at  which  it  was  at  the  beginning  of  the  mo- 
tion of  the  wheel,  to  that  every  part  commences  its  moti- 
on from  a  different  point ;  but  all  the  motions  commence  at 
the  fame  inftant.  When  it  is  ailerted,  that  the  points  do  not 
move  in  fuccei&on,  that  fucceflion  relates  to  the  ordet  of 
time,  not  to  the  points  of  fpac^. 

It  is  farther  objeftcd  againft  the  reality  bf  motion,  that  It 
infers  an  c^tiality  between  the  circumferences  of  unequal 
circles ;  for  if  there  be  two  wheels  of  unequal  diametersy 
fixtd  on  the  fante  axle,  and  the  hrger  revolve  on  a  plane ;  in 
the  fame  time  that  it  defcribes,  on  that  plane,  a  fpace  equal 
to  its  circumference,  the  fmaller  wheel  likewife,  if  it  be  fup- 
pofed  to  be  touched  by  another  plane,  will,  in  one  rcvolu- 
ticJti,  defcribe  the  fame  fpace. 

In  anfwcr  to  this  difficulty,  which  was  flrft  remarked  by 
Ariftotle,  we  are  td  obferve,  that  the  circular  motion  of  the 
wheel  is  eaufed  by  the  reftftance  of  the  plane,  on  which  it 
moves.  Now  this  refiftance  is  equal  to  the  force  with  which 
the  wheel  is  drawn  forward  in  a  right  line,  fince  it  deftroys 
the  motion  which  the  point  of  the  wheel,  that  touches  the 
plafte,  ought  to  have  in  that  direftion.  The  caufes  of  thefc 
two  motions,  one  dircfl,  the  other  circular,  are  therefore 
equal,  and  confequently  their  eflFeds  ;  hence  the  wheel  de-^ 
fcribes,  on  the  plane,  a  right  Kne  equal  to  the  circumference. 
With  refpe£t  to  the  Icfs  wheel  on  the  fame  axis,  it  is  drawn 

direftly 
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rfireftly  forward^  with  the  fame  force  with  whidi  the  large 
wheel  is  drawn  ^  but  fince  the  circumferences  of  the  two 
wheels  revolve  in  the  fame  time,  the  circular  motion  of  any 
point  in  the  peiiphery  of  the  lefs  wheel,  muft  be  lefs  than 
that  of  the  greater ;  therefore  fince  this  point  neceffarily  de- 
fcribes  a  right  line  equal  to  the  circumference  of  the  greater 
wheel,  it  follows,  that  it  muft  ^o  fo  partly  by  Aiding  forr 
9rard,  an4  partly  by  revolving.  If  the  fmaUer  wheel  were 
to  revolve  on  the  plane,  and  carry  l3ie  larger  with  it,  which 
at  the  fame  time  (hould  be  touched  by  an  imaginary  plane, 
die  larger  wh/sel  would  defcribe,  on  that  imaginary  plane^ 
a  right  line  equal  to  the  circumference  of  the  lefs  whed^ 
partly  by  revolving,  and  partly  by  flidipg  backwajrd. 

7.  Motion  is  twofold,  Abfglute  apd  Relative, 
The  motion  of  a  body  is  Abfolute,  when  the  immediate 

i:aufe  of  the  change  of  its  diftance,  with  refpeft  to  other  bor 
dies,  is  in  the  body :  it  is  Relative,  when  the  caufe  pi  tb« 
change  is  in  other  bodies. 

8.  Abfolute  and  relative  motions  are  diftinguifti*' 
ed  by  their  caufes  and  efFedls, 

The  caufes  by  which  they  are  diftinguifhed  are  the  forces 
imprefled  on  the  bodies  to  generate  motion.  Now  ift.  Ab- 
folute motion  is  neither  generated  nor  altered  except  by 
forces  imprefled  on  the  body  moved  5  but  relative  motion 
may  be  generated  oj  ajtered  without  any  fqrces  imprefled 
on  the  body ;  for  it  is  fufficient  that  fome  force  be  imprefled 
on  other  bodies,  to  which  it  is  referred,  that  by  their  giving 
way  the  relation  may  be  changed.  2^7.  A]bfolutc  motipn 
always  fufiers  fome  change  from  forces  impreflid  on  the  bo- 
dy moved;  but  relative  motion  is  not  neceflarily  changed  by 

D  a  fucb 
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fuch  forces.  The  cffeGts  by  which  Abfolute  and  Relative 
motions  are  diftinguiflicd  from  each  other,  arc  the  forces  of 
receding  from  the  axis  of  motion. 

9.  Time  is  the  order  of  things  which  exift  in 
fucceflion. 

It  is  greater  or  lefs  according  to  the  number  of  like  ftates 
interpofed  between  any  two  given  things  or  ftates  thus  fuc- 
ceffively  exifting.  It  is  not  therefore  any  thing  really  ex- 
ifting,  but  is  a  mere  abftraft  idea  of  relation. 

10.  Time  is  twofold,  Abfolute  and  Relative. 
Abfolute  time,  or  time  in  the  abftrafjk,  is  the  order  of 

things  which  do  not  fuccced,  nor  have  aftually  fucceeded  each 
other,  but  which  may  be  conceived  as  poflibly  fo  fucceed- 
ing :  Relative  time  is  the  order  of  things  aflually  fucceed- 
ing  each  other ;  and  this  is  what  we  call  Duration.  Hence 
we  may  obferve,  that  duration  is  to  time,  what  extenfion 
IS  to  fpace  5  for  as  extenfion  is  fpace  within  which  co-exift* 
ing  things  are  a£):ually  interpofed^  fo  duration  is  time 
within  which  fucccffive  ftates  have  been  aftualjy  inter^ 
pofed. 

11.  Any  finite  fpace  is  dcfcribed  in  time. 

1 2.  Velocity  is  that  affeftion  of  the  motion  of  a 
body,  by  which  it  defcribes  a  certain  fpace  in  a  cer* 
tain  time. 

1 3 .  Thofe  quantities  alone  are  naturally  mcafura-^ 
ble  which  confift  of  parts. 

An  arbitrary  meafure  is  afFigned  to  quantities  which  arc 
cftimated  by  degrees,  by  referring  them  to  fome  meafurahle 

quantity 


Digitized  by  VjOOQ IC 


L.  3«  MECHANICS.  fLl 

quantity  to  which  they  are  related  i  thus  the  meafure  o£ 
velocity  is  the  fpace  defcribed  by  a  body  in  a  giyen  time. 

14.  When  a  body  moves  with  a  uniform  velocity, 
the  fpace  defcribed  is  proportional  to  the  time  of 
its  motion. 

15.  When  bodies  move  with  different  uniform 
velocities,  the  fpaccs  defcribed  are  proportional  to 
the  times  and  velocities  jointly. 

Let  F  and  v  be  the  velocities  of  two  bodies  A  and  B; 
T,  t  the  times  of  their  motion ;  S  and  /  the  fpaces  defcrib-» 

cd;  alfo  let  S  be  the  fpace  defcribed  by  5  in  the  time  7*; 

then  S:S: :  T:  V,  znAS:si\Tit\  therefore  S:j:  :  TT; 
tv.    See  Wood's  Mechanics, 

16.  If  the  motion  of  a  body  be  accelerated  or 
retarded,  the  meafure  of  the  velocity  at  apy  point, 
is  the  fpace  which  would  have  been  defcribed,  in  a 
given  time,  if  the  motion  had  continued  uniform 
from  that  point, 

17.  The  meafure  of  motion  is  the  produd  of  the 
quantity  of  matter  and  velocity, 

1 8.  Whatever  changes,  or  tends  to  change  the 
ftate  of  reft,  or  uniform  reftilineal  motion  of  a 
body  is  called  force. 

Thus  preffure,  impadl,  gravity,  eleftricity,  magnetifm,  arc 
forces.  When  a  force  produces  its  efFeft  inftantaneoufly, 
it  is  faid  to  be  impulfive  5  when  it  afts  inceffantly,  it  is  con-» 
ftant. 

Conftant 
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Conftant  forces  are  of  two  kinds^  unifoirm  and  variable  t 
an  uniform  force  always  produces  equal  efieds,  a  variable 
force  unequal  efieds,  in  equal  fuccei&ye  portions  of  time. 

19.  Forces  are  meafured  by  the  efFedts,  which  they 
produce  under  the  fame  circumftances. 

Thus  impujfiyc  forces  are  meafured  by  the  whole  eSipQ:^ 
produced ;  uniform  forces,  by  the  eSc&s  produced  in  equal 
times  ;  and  variable  forces,  by  the  effefks  which  woul4  be 
produced  in  equal  times,  were  they  to  become  and  conti- 
nue uniform  for  thofe  times. 

20.  The  eiFefts  produced  by  the  adtions  of  forces 
are  of  two  kinds,  velocity  and  motion. 

Force  generating  velocity  is  called  the  accelerating  force  j 
generating  motion,  the  moving  force. 

21.  The  accelerating  force  is  meafured  by  the 
velocity  uniformly  generated  In  a  given  time^ 
without  any  regard  to  the  quantity  of  matter 
moved. 

22.  The  moving  force  is  meafured  by  the  quan- 
tity of  motion  uniformly  generated  in  a  given 
time. 

23.  The  moving  force  varies  as  the  accelerat- 
ing force  and  the  quantity  of  matter  jointly. 

24-  The  accelerating  force  varies  as  the  mov- 
ii}g  force  direftly*  and  the  quantity  of  matter  in- 
verlely. 

25.  The  general  laws  of  motion  are  three:  i^, 
Every  body  perfeveres  in  its  ftate  of  reft,  or  uni* 

fprrn 
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form  motion  in  a  right  line»  until  a  change  is  effeft- 
ed  by  feme  external  caufe.  i^r.  Every  motion  and 
change  of  motion  is  proportional  to,  and  in  the  di« 
reftion  of  the  force  impreffed.  ^^7.  Aftion  and  Re- 
aftion  are  equal  and  contrary. 

26.  The  laws  of  motion  arc  proved  by  experi- 
ments, 1^.  which  relate  direftly  and  immediately 
to  the  laws  themfelves  ;  or  2%.  which  refpedt  the 
confequences,  which  would  refult  from  thefe  laws, 
were  they  true. 

27.  Though  all  motions  which  fall  under  the 
cognifance  of  our  fenfcs  gradually  decay,  yet  this 
does  not  aifeft  the  truth  of  the  firft  law,  becaufe 
we  can,  in  all  cafes,  aiiign  the  external  caufes  of 
that  decay. 

28.  The  Second' law  of  motion  is  not  an  identical 
propofition ;  1^.  Becaufe  the  direftion  of  the  force 
impreffed  is  the  right  line,  in  which  the  impelling 
body  is  moving  at  the  infiant  of  impad ;  or  in 
which  the  prcffing  body  would  move,  were  there 
no  obftacle  to  prevent  it.  2^r,  Becaufe  the  pror 
portion  of  two  forces  may,  in  many  cafes,  be  af- 
certained,  independent  of  the  motion  produced  by 
them. 

In  comparing  the  changes  produced  in  the  motion  of  bo- 
dies according  to  the  fecond  law,  the  times  of  effe£ling  fuch 

changes  are  fuppofed  equal. 

29.  In 
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29.  In  eftimating  the  efFeft  of  any  force,  we  arc 
toconfider,  i^.  Whether  the  whole  force,  or  only 
a  part  of  it  be  really  efficient,  z^y.  The  diredi- 
on  in  which  the  force  afts, 

30.  The  Third  law  of  motion  fignifies,  that  there 
are  equal  changes  made  in  the  motions  and  date 
of  bodies  by  their  mutual  aftions,  and  in  contra* 
ry  diredtions. 

31.  The  Firft  law  of  motion  has  rcfpedt  to  the 
continuance  of  motion  in  bodies,  without  any  al- 
teration of  the  motion,  except  fo  far  as  fubfequcnt 
caufes  operate  ;  the  Second  afligns  the  quantity  and 
nature  of  fuch  alterations  ;  and  the  Third  has  re-> 
gard  to  the  mutual  circumftanccs  of  the  patient 
which  fufFcrs  alteration  from  any  caufe,  and  of  the 
agent  producing  the  alteration. 

32.  Since  the  changes  made  in  the  motions  of 
any  two  bodies  which  aft  upon  each  other  arc 
equal  and  in  contrary  direftions,  it  follows  that 
the  quantity  of  motion,  eftimated  in  the  fame  di- 
redlion,  is  not  changed  by  the  mutual  aftion  of  the 
bodies. 

33.  The  laws  of  motion  relate  immediately  to 
the  actions  of  bodies  in  free  fpace. 

When  bodies  move  on  fixed  axes,  the  energy  of  the 
moving  force  and  refiftance  of  the  body  moved  will  depend 
on  the  diftance  from  the  axis ;  in  tfaefe  cales^  the  inertia 

of 
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of  the  parts  of  the  fyftem,  by  which  they  refift  motion, 
xnuft  firft  be  calculated)  and  a  mafs^  whofe  inertia  is  equi^ 
valent  to  it,  muft  be  fubftituted  for  the  given  fyftem  3  and 
the  quantity  of  the  moving  force,  when  moving  with  the 
fame  velocity  with  the  matter  mpved,  is  likewife  to  be  com- 
puted. The  moving  force  and  mafs  moved  being  thus  af- 
certained,  the  refulting  motions  may  be  calculated  j  and  it 
appears,  that  in  rotatory  motions  on  fixed  axes,  or  on 
moveable  axes  in  free  fpace,  as  well  as  in  iixcGt  re£lilineal 
motions,  z&ton  is  always  equal  to  reaftion^  and  the  quan<* 
tity  of  motion  permanent. 


E  LEG- 
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LECTURE    IV. 


1.  1  H  E  inertia  of  bodies  is  that  property,  by 
which  they  continue  in  their  ftate  of  reft  or  uni- 
form redilineal  motion,  until  aded  on  by  fome  ex- 
ternal caufe. 

This  property  is  improperly  cadled  a  force,  i^.  Becaufe 
were  it  adually  fuch,  it  muft  be  of  feme  definite  quantity 
in  a  given  body }  and  therefore  an  imprefled  force  lefs  than 
that  would  not  move  the  body;  whereas  any  imprefled 
force,  however  fmall,  whether  impuUive  or  conftant,  will 
move  any  body  however  great,  s^y.  It  is  improper,  be- 
caufe  it  feems  to  indicate  an  adive  power  refident  in  mat- 
ter. 

2.  Bodies  by  thpir  inertia,  when  at  reft,  refift 
the  impulfe  of  any  force  tending  to  fet  them  in 
motion  ;  and  when  in  motion,  refift  the  impulfe  of 
any  force  tending  to  augment  or  diminifli  their  mo- 
tion. 

Since 
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Siaoe  in  the  faote  gmn  cifcttinft«iu:e$9  equal  quantities 
4if  matter  are  found  to  veGSt  equaUy,  we  fay  that  the  io- 
cTtia  i$  properdonal  to  the  quantity  ^f  matter. 

3.  To  eftimate  the  motion  of  bodiies,  their  in* 
ertia  mufl:  be  confidered ;  whereas  the  equilibriuai 
produced  by  the  adion  of  any  forces  depends  only 
on  the  quantities  anddireftlons  of  the  forces,  with- 
out any  regard  to  inertia. 

4.  The  continuation  of  motion  does  not  require 
conftant  aftion. 

jft .  While  a  pendulum  defcende  from  reft,  two  torccs  aft 
upon  it,  gravity  and  the  reaftioa  of  the  point  of  fufpenlion  ^ 
after  the  body  ha$  attained  the  loweft  point,  we  find  that  i( 
afcends  nearly  to  the  fame  height,  from  which  it  fell  ^  but 
this  cannot  be  etleded  by  the  two  forces,  which  ad  on  it  after 
it  ha9  left  the  loweft  point,  for  they  would  caufe  a  deicent 
pf  the  body ;  it  afcends  therefore  in  confi^uence  of  the 
forces,  which  had  continued  to  aA  upon  it  during  its  de* 
Icent;  and  which,  from  the  loweft  point,  not  pnly  ceaii^ 
to  urge  the  body  fonv^d,  but  eren  endeavour  to  f][x>ve 
it  backward^.  2<Uy.  Experiment  ihews  Aat  continued 
a£lion  produces  accelerated  motion;  therefore  uniform 
motion  muft  be  the  confequence  of  a  force  which  is  not 
conftant,  that  is,  of  a  force  imprefled,  which  has  fceaied  to 
aft. 

5  The  refiftance  of  Dfiatter  docs  not  depend  folp- 
ly  on  its  gravity. 

E  2  For 
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For  if  two  bodies  of  equal  weight,  be  conneded  by  a  (bring 
which  pafles  over  the  groove  of  a  wheel,  whofe  axle  turns 
on  fri£bion  wheels,  they  may  be  confidered  as  deftxtate 
of  gravity  with  refpe£t  to  any  force  tending  to  move  them 
in  a  vertical  direfkion ;  yet  it  is  found,  by  experiment, 
that^  in  this  cafe,  they  do  refift ;  and  that  the  refiftance 
28  proportional  to  the  quantity  of  matter. 

6.  The  three  laws  of  motion  are  reducible  to 
the  inertnefs  of  matter. 

This  inertia  however  is  not  a  principle  antecedently 
known,  from  which  thofe  laws  may  be  derived ;  but  wc 
firft  learn  the  truth  of  the  laws,  by  experiment ;  and  thea 
find  them  reducible  to  this  one  principle. 

7.  From  the  inertnefs  of  matter,  the  cxiftence  of 
an  interftitial  vacuum  may  be  dcmonftrated. 

The  celeftial  fpaces  muft  be  either  vacant,  or  filled  with 
a'yery  attenuated  and  fubtile  medium; for  this  medium,whe- 
thcr  it  be  the  caufe  of  gravity  or  not,  muft  be  inert,  and 
therefore  diminijEh  the  motion  of  any  body  moving  through 
it  i  but  fince  the  motions  of  the  planets  are  infenfibly  refift- 
edf  the  denfity  of  the  medium  muft  be  infenfible  ;  that  is, 
its  vacuities  muft  be  very  great  yrith  refpedl  to  its  folid 
matter. 

8.  If  a  body  be  aded  on  by  twQ  forces,  which 
would  feparately  caufe  it  to  defcribe  the  adjacent 
fides  of  a  parallelogram,  with  an  uniform  motion,  it 
will,  by  their  joint  adion,  defcribe  the  diagonal  in 
the  fame  time,  in  which  it  would  have  defcribed 

either 
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Cither  fide,  had  the  impreffed  forces  aftcd  feparatcly: 
and  the  motion  in  the  diagonal  will  be  uniform. 
This  is  called  the  Compofition  of  motion :  and  in  the 
,  fame  manner  as  the  compounded  a£tion  of  two  forces  may 
be  reprcfented  by  one  right  line,  which  is  the  diagonal  of  a 
parallelogram,  fo  the  adiion  of  a  fingle  force,  expreffcd  by 
one  Tight  line,  may  be  refolved  into  the  adions  of  two  other 
forces,  reprefented  by  the  contiguous  fides  of  a  parallelo- 
gram, of  which  the  given  line  is  the  diagonal. 

9.  If  two  fides  of  a  triangle,  taken  in  order,  re- 
prefent  the  fpaces  which  a  body  would  uniformly 
defcribe,  in  a  giv^n  lime,  by  two  forces  afting  fepa- 
rately ;  when  thefe  forces  aft  conjointly,  the  body 
will  defcribe  the  third  fide  uniformly,  in  the  fame 
time. 

10.  If  the  fides  of  any  polygon  taken  in  order, 
except  the  laft,  reprefent  the  fpace  which  a  body 
would  uniformly  defcribe,  in  a  given  time,  by  as 
many  different  forces  acting  feparately,  when  thefe 
forces  aft  conjointly,  the  body  will  defcribe  the  laft 
fide  uniformly,  in  the  fame  time. 

11.  If  a  body  be  aftcdon  by  two  fimilar  variable 
forces,  whofe  direftions  and  magnitude  are  expreff- 
cd by  the  adjacent  fides  of  a  parallelogram,  concur- 
ring in  the  body,  it  will  defcribe  the  diagonal  of  the 
parallelogram. 

Fig-  I.  Let  the  forces  aft  by  impulfcs,  at  the  beginning  of 
^qual  particles  of  time,  and  let  BD,  DE^EF^mdBG,  GH, 

HI 
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j/Tliethe  relative  magnitudeis  of  conrefpondingiinptilles.  Bj 
the  zSdon  of  die  two  firft  impulfe^,  the  body  ^inll  defcribe 
the  diagonal  BKy  and  by  the  two  -aexi^  the  diagonal  KL  i 
]bot  fince  the  forces  are  fimilary  the  parallelograine  JDG,  NT 
are  fimilar,  9nd  therefore  they  exift  about  fkc  iame  diagottai 
^^M.[  Let  now  ,the  particles  of  tiise  be  evaaefoenty  and  the 
^oroesincefiant^  and  the  fame  demonftration  will  obtaiiu 

12.  If  the  forces  be  t^oaftant,  the  velocity  in  the 
diagonal  will  be  uniformly  accderated. 

13.  Every  body  which  moves  in  a  curve  line, 
is  adbed  upon,  at  ieaft^  by  two  diffimilar  forces. 

14.  If  a  body  be  afted  pn  by  three  force&|  repre- 
ientedin  quantity  and  diredipn  by  the  three  $des  of 
<i  trian^e,  the  body  thus  aded  on  will  continue  at 
reft. 

15.  IFa  body  be  aAcd  on  by  any  number  of  for- 
ces, reprefented  in  quantity  and  direftion  by  the 
^es  of  a  polygon,  the  body  thus  aded  on  will 
continue  at  reflu 

J  6.  If  a  body  be  afted  on  by  four  forces,  in  dif* 
ferent  planes,  and  nmain  at  reft,  thofe  forces  are  to 
each  other  as  the  three  fides  and  diagonal  of  a  pa- 
ralklopiped,  parallel  to  their  dire&ions  refpedUvely. 

In  igenertl^  if  a  body  be  afted  on  by  any  number  of  forces 
in  the  fame  or  diftrent  planes,  Aey  may  always  be  reduced 
to  two  in  the  fame  plane;  and  confequently  a  fi^gk  ibroe 
inay  ht  a%nod  equipollent  to  them  alL 

ly-  If 
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17.  If  three  iuoUar  Tariable  forces^  afting  pn  a 
body,  be  to  each  other  as  the  fides  of  a  triangle,  pa« 
xailel  or  perpendicular  to  their  direftions,  the  body 
will  continue  at  reft. 

18.  If  the  motion  of  a  body^  in  any  diredion,  be 
reprefented  by  a  gnren  line,  its  motion  in  any  other 
dire<%ion  will  be  found,  by  refolving  the  given  mo- 
tion into  two,  one  of  which  fhall  be  perpendicular, 
and  the  other  parallel  to  the  diredion  in  which  the 
motion  is  required. 

19.  In  the  rclblution  of  forces,  the  whole  quan^ 
tity  of  force  is  increafed ;  in  compofition,  dim!- 
nifhed. 

20.  The  effeds  of  fwccs,  when  eftimated  in  gi- 
ven direftions^  are  not  altered  by  compofition  or 
refolution. 

21.  The  relative  motions  of  bodies  are  the  dif- 
ferences of  their  abfolute  motions. 

zz.  If  the  eye  of  a  fpeftator  move,  the  apparent 
motion  of  a  fixed  point  is  the  fame  as  if  the  eye 
were  fibced,  and  the  motion  of  the  point  were  equal 
and  contrary  to  that  of  the  eye. 

Fig.  2.  Let  e,Ehe  any  two  contiguous  poCtions  of  the  eye, 
which  being  confidered  as  quiefcent  at  S,  die  cotemporary 
pofitions  of  the  fixed  point  P  will  be  •,  O,  fuppofing  So,  SO 
refpeftively  parallel  and  equal  to  fP,  EP.  And  becaufe 
So  =s  eP,  and  SO  ss  EP,  and  the  contained  angles  are  alfo 

equal^ 
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equals  the  line  Oo  will  be  equal  to  eE^  and  iSiey  will  inake 
equal  angles  with  the  diftances. 

23.  The  relative  motion  of  a  moving  pointy  as 
feen  from  another  which  is  alfo  moved,  is  com- 
pounded of  the  real  motion  of  the  firft  point,  and 
of  a  motion  equal  and  contrary  to  that  of  the  eye. 

Fig.  3.  Let  the  point  move  from  B  to  JL,  while  the  eye  moves 
from  Ato  M ;  if  the  point  were  quiefcent  at  By  its  appa- 
rent motion  would  be  the  fame  as  if  the  eye  were  quief- 
cent, and  the  point  had  a  real  motion  in  a  contrary  direc- 
tion along  BEy  equal  and  parallel  to  AM  ;  therefore  when 
the  point  alfo  really  moves  along  J5i,  the  apparent  motion 
will  be  the  fame,  as  if  its  motion  were  compounded  of 
two  real  motions  in  the  right  lines  BE,  BL ;  it  will  there- 
fore appear  to  move  along  the  diagonal  BNo£  the  paralle- 
logram LBEN. 

24.  The  apparent  motions  of  the  points,  as  feen 
from  each  other,  are  equal  and  fimilar. 

25.  If  their  real  motions  be  Timilar  and  oppo- 
fite,  their  apparent  motions  are  fimilar  to  their  real 
motions. 

26.  If  equal  motions,  in  parallel  diredlions,  be 
compounded  with  each  of  the  real  motions  of 
a  number  of  moving  points,  the  relative  motions 
of  thofe  points  are  not  changed. 

Hence  if  the  fpace  in  which  thofe  motions  are  performed, 
and  to  which  dicy  are  always  referred,  be  moved  in  any 
manner,  the  relative  motions  will  not  be  changed. 

LECTURE. 
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LECTURE    V. 


1.  Percussion  is  the  fhock  or  coiHfion  of  two 

bodies,  which  meeting  aher  each  others  motion. '' 

The  force  of  pcrcuffion  is  die  fame  as  the  momentum 
or  quantity  of  motion,  and  is  meafured  by  the  prodof^ 
arifing  from  the  mafs  mored,  multiplied  by  the  Ydocity ; 
and  that  without  any  regard  to  ibc  time,  or  duration  of  the 
adion  ^  ior  the  a£lK>n  is  confidered  totally  independent  of 
time,  or  as  but  for  an  inftant,  or  an  infinitely  little  time* 

2.  Percuflion  and  Preffure  arc  heterogeneous  for- 
ces, and  do  not  admit  of  comparifon. 

Let  M  denote  any  quantity  of  matter,  having  no  mo- 
tion or  velocity,  but  fimply  prefiure  5  then  will  that  pref- 
fure be  denoted  by  M  itfelf ;  but  its  velocity  being  no- 
tihing,  its  percttflive  fcorce  will  htoxM,  that  is,  nothings 
and  is  therefore  lefs  than  the  finalleft  percuflive  force  what- 
foever*     It  is  true,  that  we  fee  motion  produced  by  mere 

F  prcflure. 
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prefliire,  to  counfcen^  which  the  oppofition  of  a  finite  per- 
cufiive  force  will  be  required ;  but  dien  it  muil  be  obfenred, 
that  the  former  has  been  an  infinitely  longer  time  than  the  lat- 
ter in  producing  its  efieA.  '  Hence  it  appears^  that  thefe  two 
forces  are  related  to  each  other,  only  as  a  furface  is  to  a  folid: 
by  the  motion  of  a  furface  through  an  infinite  number  of 
pomts,  a  folid  is  generated  >  md  by  the  adiien  of  preflure  for 
an  infinite  number  of  momentS)  a  quantity  equal  to  a  given 
percuffive  force  is  generated.  Sec  Hutton^s  Math.  Did. 
Art.  PercuflSon. 

It  is  to  be  remarked  however,  that  in  fa£t^  motion  can 
only  be  communicated  by  inftantaneous  imfwBt,  in  the  cafe 
of  perfedly  hard  and  inflexible  bodies. 

3^  If  a  non-elafltc  body  impinge  diredly  oH  an- 
other non*elaftic  body  that  is  at  reft,  or  moving  the 
,fanae  way  with  lefs  vdocity,  the  Turn  of  the  rao- 
nientums  will  be  the  fame  before  and  after  the  im- 
pulfe« 

4.  When  two  ndn-elaftic  bodies  impinge  direftly 
on  each  other  with  contrary  motions,  the  fum  of 
the  momentums  after  the  imptilfe  is  equal  to  their 

•  difference  before  it. 

5.  If  two  non-elaftic  bodies  ji  and  B  move  in 
'  the  fame  right  line,  with  the  velocities  ;r  and  ^,  and 

ilrike  each  other,  their  common  velocity  v  after 

impaft  will  be  ■■  j^^^^j  where  the  fign  +  muft  be 

taj&cn 
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takea  when  the  bodies  move  in  the  (ame  diredion, 
and  —  when  in  oppofite  diredions. 

6^Ii  J  ftrike  B  at  reft,  the  velocity  after  impaft 
Ax 

7.  In  the  direft  tmpad  of  two  non-elaftic  bo-* 
^es  A  and  B^  eftimating  the  effeds  in  the  direc* 
^on  of  A^s  motion,  the  velocity  gained  by  B  will 

be  =  -rr»x  relative  velocity  j  and  the  velocity  loft 

B 

hy  A  ^  -TTh  ^  relative  velocity,  according  as  the 

bodies  mdve  in  the  fame  or  oppofite  diredions. 
For  the  relative  yelocity,  in  the  former  cafe,  is  fc — y  ( 

and  V  the  common  Telocity  is  =  — f  JL.-?';  therefore  the 

^  4+B 

▼clocitygainedbyB  =  v  — y  =  -^-J^— y=  ^Xjg' 
IB  the  fame  mamier  i$  computed  the  re^ 


A+3 
locity  loft  by  A. 

ynUSt  the  relative  velocity  remains  the  fame,  the  velo« 
cities  gained  by  B  and  loft  by  A  remain  the  fame. 

The  velocities  gained  by  B  and  loft  by  A  are  the  fame, 
"whether  both  bodies  be  in  motion,  or  A  impinge  on  B  at 
reft,  with  a  velocity  equal  tq  their  relative  velocity  in  the., 
former  cafe* 

8.  In  the  collifions  of  el^ftic  bodies,  the  velo^ 
F  2  cltie$ 
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cities  loft  by  A  and  gained  by  B  will  be  twice  ad 
great,  as  if  the  bodies  were  non-elaftic. 

9.  In  the  collifions  of  elaftic  bodies,  the  dif- 
ference of  their  velocities  before  and  after  impaft 
remains  the  fame. 

'  Let  f  =  the  Telocity  after  impafk,  when  the  bodies  arc 
non-elaftic  and  move  the  fame  way^  then,  when  elaftic, 
A's  velocity  after  impaA  will  be  x  —  the  velocity  loft  by 
jlz^sc  —  2  PC — c  =  2  r  —  AT  J  and  B^s  velocity  after  impaA 
:=z  y  +  the,  velocity  gained  hj  Bz=zy+  2 c-^y  =  2c — yi 
therefore  the  difference  of  velocities  after  impaA  =  x — y. 

In  the  fame  manner  it  i^  proved,  when  they  move  in 
contrary  dire&ions,  that  the  difference  of  velocities  after 
ImpafI:  is  =  nr-j-jr. 

10.  The  fums  of  the  produfts  of  the  bodies  into 
the  fquares  of  their  refpedtive  velocities,  before 
and  after  impad,  are  equal. 

Let  p  and  q  be  the  velocities  of  ^  and  B  after  impad, 
then,  when  Ae  bodies  move  in  the  famie  dire&ion^  by  the 
3  rd.  law  of  mption,^#tf-|.J[y  =  ^-j-J^j  alfo  x-^-j^  =  q—pi 


hcnce^X;«-i^  =  ^XJ-^Jf?.^.^^^7i:^_JX^iI^^ 

X+p  =  jr+;^   i  . 

^d  Jx'^+By^czzJp^+BqK 

In  ihe  fame  mannner  it  is  proved,  when  they  move  in 
contrary  dire&ions. 

This  equality  between  the  fums  of  the  produfts  of  the 
bodies  into  the  f<|uares  of  their  refpe£iive  yelocities  before 
and  after  impaft,  was  denominated  by  Bemouilli  Conferva^ 
iio  Virium  Vivarum^  and  was  confidered  as  a  general  law : 

but 
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but  it  hddsbofy  in  the  cafe  pfelaitic  bodies  andisacoiw 
fcqucncc  dcducible  from  the  3rd.  general  law  pf  motion^ 
according^^  the  Newtonian  meafyre  of  mot^m 

11.  In  the  coUifions  of  two  claftic  bodies  j1  and 
S,  the  velocities  gained  by  B  and  loft  by  J  will  be 

--j^XarTy,    and  AAx  *Tyrefpeaivcly, accord* 

ing  as  they  move  in  the  fame  of  contrary  direftions. 

12.  When  A^B^  th?  bodies  interchange  velo- 
cities. 

For  in  this  cafe,  -^+-B  ^  a  -rf  =  2  5;  therefore  the  vdo* 
crities  gained  by  By  ^xiA  loft  by  A^  are  refpcAayely  equal  to 
the  relative  velocity  before  imparl. 

If  the  bodies  move  in  oppofite  dire^ions^  each  will  be  re-  . 
fie{ied,  having  exchanged  ydocitiest 

13.  If -rf  ftrike  B  at  reft,  orjfesa,  5*s  velocity  after 

impaft  wiU  be    1^,  and  ^s  will  be  x  -r  1^==^ 

A»'^Bx 
A+B  ^ 

<  If  A^B,  AvtShc  at  reft  after  Ac  ftroke ;  and  S  wi)l 
mgyft  with  the  velocity  which  A  hod  before  impa^. 
..  If  A  ftrike  an  immoveable  obftacle^  that  is,  if  ^  be  in- 
linite,  andy=0,  As  velocity  after  impa£):  will  be  £=  —  :c,of 
A  witt  be  r^fle&ed  back  with  th^  fame  velocity. 

14.  If  there  be  any  number  of  equal  bodies^ 
lying  in  the  fame  right  line,  and  the  firft  ftrike  the 
fecondj^  all  the  bodies  will  reft  except  the  laft,  wbicb 

.  will 
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will  fly  off  with  the  velocity  of  the  firft  before  iiti- 
pad. ' 

15.  If  the  bodies  decreafe  in  magnitude,  each 
will  go  forward  after  the  ftroke. 

For  fincc  A  is  greater  than  A  __Z^wilI  be  a  pofitirc 
quai^tity.  -a+5 

16.  If  they  incrcafe  in  magnitude,  each  will  be  re- 
flefted  back,  except  the  laft,  and  the  quantity  of 
motion  will  continually  increafe. 

For  fincc  J  is  lefs  than  fi,  ^^^~  .  will  be  negative^ 
ai^^  -^-^  wU  be  greater  thaw  x, 

17.  The  increafe  will  be  a  maximum,  when  the 
bodies  increafe  in  Geometrical  progreffion. 

Let  ^and  Cbe  two  given  bodies,  between  which  is  in- 
ferte4  the  body  JT  of  intermediate  magnitude  5  if  the  yelo* 

city  of  A  be  caUed  a,  the  velocity  of  C=s  l^X-^^^ 
4  Aa 


AC 
-rf+^  +J^+C,  a  maximum  j  but  the  numerator  is  given, 

therefore  diis  ^quantity  wiU  be  greatcft,  when  the  denomina^ 

AC 
tor  is  leaft,  diat  is,  when  -jr+^T  is  leaft,  becaufe  A  and  C 

arc  conftant;  now  the  reaangic  ^x  Xis  a  given  quan^ 
tity,  being  equal  to  AC }  therefore  the  fum  of  ^andXis 
kaft,when  they  are  equal,tbat  u,wheii  ^=sX,aiid^C= J^s 
tiiat  18,  when  Xnz  mean  proportional  between  J  and  C. 

18,  If 
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1 8 .  If  the  number  of  mean  proportionals  interpof- 
cd  between  two  given  bodies  A  and  X^  be  increafed 
without  limit,  the  ratio  oiJ^s  velocity  to  the  velocity 
thus  communicated  to  X  will  approximate  to  tlie 

ratio  of  V"  X  to  ^Q"  as  its  limit. 

Let  A,  BfCi  D Xbe  the  bodies;  a^h^  Cyd . .  .»• 

the    velocities   communicated  to  them.    Then  fince   the 

number  of  bodies  is  increafed  without  limits  their  difierences 

.  will  be  diminifhed  without  limit :  let  ji+  %z=:Bs  then 

7,  A-^-z  :  ^  A  :  :  a  :  b 

or  ^4~^^  '  A  I  :  a  :  b 

-but  A-^iz  lAx  :  s/A-^z  :  V'T: :  ^B  \  '/T\ 

therefore      */B'  i  ^Ta  \  \  a  \b\ 
in  the  fame  manner,    */  C  :  V^? :  :  b  :  c  &c. 
therefore,  componendo^  ^X^  \  ^  A  \  \  a  \  k.    Sec  Parkin<» 
ion's  Mechanics,  p.  i8i. 

19.  If  the  bodies  be  imperfedly  elaftic,  and  m:n 
as  the  force  with  which  they  are  comprefled  toge- 
ther, till  they  acquire  a  common  velocity,  to  the 
force  with  which  they  feparate,  or  as  perfeft  elafti- 
city  to  the  imperfcft  elafticity  of  the  given  bodies  ; 
then  if  they  move  in  the  fame  dircdion,  A^s  velo- 

r  •  «  11     1-  ^'^^        ^^ ^y  J 

city  after  impact  will  be  ;i;— x*^  ■  n  > *^ 

.    ,  m+n    Ax^^Ay 

B's  will  wy^—^x  ^^g  .    If  they  move  in 

contrary 
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contrary  direaions,  the  figns  of  the  terms,  where 
y  enters,  muft  be  changed. 

For  if  the  b^Kiks  were  mdafkic,dic  velocity  loft  by  tmpoia 

\j  jt^o}jidht~—^i  and  the  velocity  loft  by  elafticity 

will  be  the  whole  velocity  loftj  therefore  «—2±^x 

fn 

^^    ^   will  be  the  velocity  of  A  after  impaft :  and  fo  of 

B. 

Hence,  if  A  ftrike  B  at  reft,  and  be  equal  to  it,  If^  ve- 
locity after  iramQi  s=:^i^x  «5  and  ^;r  velocity  before : 
am  ' 

Es  after  \  i  x\       «    x^  •  s  2«  •  m+n  : :  chord  a  defcrib- 
.  aw 

ed  by  Ai  chord  b  defcribed  by  B%  hence  m  i  »  \  i  m  i^ 
— a ;  and  therefore  by  meafuring  thefe  chords,  the  ratao  of 
.  m  to  /},  or  the  degree  of  elafticity  of  the  bodies  may  be  de- 
termined. 

20.  In  the  impact  of  bodies,  the  time  in  which 
velocity  is  commimicated  from  one  to  another  is 
finite. 

At  the  firft  inftant,  the  body  ftruck  will  begin  to  move 
^irnth  a  velocity  lefs  dian  that  of  the  impinging  body^  the 
velocity  of  which  will  decreafe,  and  that  of  the  other  will 
.increafe,  as  long  as  th^impaft  caufi^  a  change  in  the  fi- 
gure of  the  two  bodies }  that  is,  till  they  Ihall  have  ac- 
quired 
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quired  a  common  velocity,  at  whicE  inftaat  al)  accekrati** 
on  ceafes,  if  the  bodies  be  not  elaftic.  But  if  they  be  elaC- 
tic,  a  new  acceleration  will  then  begin,  ariCng  frpm  the 
force  with  which  they  recover  their  figure. 

21.  The  motion  of  bodies  is  not  caufed  by  an 
immaterial,  adive  fluid,  which  being  incorporated 
with  bodies,  carries  them  along  with  it,  in  the 
direiftion  in  which  it  moves* 

22^  The  Newtonian  meafure  of  motion  furniflies 
^  general  law  in  all  cafes  of  collifion,  that  the  mo- 
tions loft  and  communicated  are  equal ;  the  Leib* 
nitzian  meaiure  does  not. 

It  has  been  denied  by  fome  authors,  that  in  the  colli* 
60ns  of  bodies  the  fame  quantity  of  motion  remains  after 
the  ftrol^e,  as  before  it  \  which  is  certainly  true  with  refpeft 
.  to  ablblute  motion  ;  for  if  equal  non^Iaftic  bodies  meet 
nirith  equal  velocities,  their  abfoliite  motions  after  the  ftroke 
will  be  nothing ;  alfo  if  in  a  feries  of  elaftic  bodies  increaf- 
ing  in  magnitude,  motion  be  communicated  from  the  firft 
to  the  whole  feries,  they  will  all  go  back  after  the  impaft, 
except  the  laft  which  will  go  forward,  and  the  quantity  of 
motion  will  continually  increafe ;  fo  that  abfolute  motion 
may  be  either  entirely  deftroyed,  or  increafed  ad  infinitum. 
But  in  relative  motion,  fince  matter  poflefles  not  in  itfelf  a 
power  of  creating  or  deftroying  motion,  it  follows,  that  as 
much  as  is  gained  by  the  body  ftruck,  will  be  loft  by  the 
other  body ;  fo  ^at  the  quantity  of  motion,  eftimated  in 
the  fame  diredieni  will  be  the  fame  before  and  after  impadb, 
eftimating  that  as  negative  which  is  in  a  contrary  diredtion, 

G  23.  If 
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23.  If  a  perfeftly  hard  and  ftnooth  body  impinge 
obliquely  on  another,  the  force  muft  be  rcfolved 
into  two,  one  parallel  and  the  other  perpendicular 
to  the  plane  which  touches  both  bodies  at  the  point 
of  contaft ;  the  lateral  force  will  have  no  cffed: 
whatever  on  the  motion  of  the  body  ftruck,  which 
will  be  impelled  by  the  perpendicular  force  only. 

If  the  furfaces  penetrate  a  little,  or  flightly  adhere  at  the 
point  of  conta£);,  the  perpendicular  force  will  impeli  the 
body  ftruck,  and  at  the  fame  time  the  lateral  force  will 
contribute  to  generate  a  rotatory  motion  round  the  centre 
of  gravity. 

24.  When  a  perfedlly  hard  body  impinges  ob- 
liquely on  a  perfeftly  hard  and  immoveable  plane,, 
after  impadt  it  will  move  along  the  plane ;  and  the 
velocity  before  impaft  will  be  to  its  velocity  after,  as 
radius  to  the  cofine  of  the  angle  which  the  direftion 
of  the  impad  makes  with  the  plane. 

25.  The  velocity  before  impaft  is  to  the  velo- 
city which  is  loft,  as  radius  to  the  verfed  fine  of 
the  fame  angle. 

For  the  difference  between  radius  and  the  cofine  of  an 
angle  is  equal  to  the  verfed  fine  of  the  fame  angle. 

26.  If  a  perfeftly  elaftic  body  impinge  on  a  per- 
feftly  harcl  or  elaftic  immoveable  plane,  it  will  bs- 
xeflefted  in  an  angle  equal  to  the  angle  of  incidence. 

The  velocity  after  reflexion  is  equal  19  the  velocity  l^c- 

fore. 

27.  If 
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27,  If  two  bodies,  which  arc  non-elaftic,  impinge 
on  each  other  obliquely,  after  impaft  they  will  dc- 
fcribe  the  diagonal  of  a  reAangular  parallelogram, 
one  of  whofe  fides,  in  the  plane  which  touches 
both  bodies  in  the  point  of  impaft,  expreffes  the 
fum  of  their  motions  in  a  direction  parallel  to  that 
plane,  and  the  other  their  difference  in  a  diredlion 
perpendicular  to  it. 

28.  If  the  bodies  be  elaftic,  they  will  be  refleft- 
ed ;  and  each  will  defcribe  the  diagonal  of  a  redtan- 
gular  parallelogram,  one  of  whofe  fides,  in  the  com- 
mon contingent  plane,  expreffes  the  velocity  which 
it  had  before  impad,  in  a  diredion  parallel  to  that 
plane,  and  the  other  the  velocity  in  a  direftion 
perpendicular  to  it,  which  arifes  from  the  direft 
collifion  of  the  bodies,  in  that  fame  perpendicular 
direftion. 


G2  LECTURE 
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LECTURE    VL 


•I.  A  REPULSIVE  force  cxifts  between  the  par- 
ticles of  elaftic  fluids,  and  alfo  of  folids. 

If  diluted  vitriolic  acid  be  poured  on  pcrunded  marble, 
a  confiderable  quantity  of  an  eiaffic  fluid  will  be  extricated, 
called  fixed  air  -j  now  the  exiftence  of  an  elaftic  fluid  proves, 
that  the  particles  endeavour  to  recede  from  each  other  by 
a  repulfive  force.  The  repulfive  force  between  the  particles 
of  folids  appears  from  this,  that  bodies  of  no  great  weight 
lying  upon  one  another,  are  not  in  aflual  conta£l;,  ift.  Bc- 
caufe  if  an  eleflric  (hock  be  tranfmitted  through  them,  the 
fpark  will  be  vifible  between  them.  2<lly.  Becaufe,  when 
pieces  of  metal  lie  freely  on  each  other,  the  fuCon  of  the 
parts  through  which  the  ele&ric  fhock  pafles,  when  it  en- 
ters the  body  or  paflcs  out  of  it,  is  difcovered  5  but  no  fu- 
fion  is  perceived,  when  the  pieces  of  metal  arc  prcfled  to- 
gether by  a  fufficient  weight. 

2.  An 
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2.  An  attraftive  force  fubfifts  between  the  par-^ 
tides  of  non*elaftic  fluids. 

I  ft.  If  two  globules  of  quickfilver  or  water,  lying  on  a 
fmooth  plane,  be  brought  to  touch,  they  immediately  rufla 
together^  and  form  one  drop*  2^7.  Small  portions  of  thefe 
flmds  aflume  a  fpherical  figure. 

3.  An  attraftive  force  fubfifts  between  the  par- 
ticles of  folids. 

On  this  principle  is  explained  the  cohefion  of  bodies,  by 
\irhich  their  parts  are  connaAed  together.  When  you  break 
a  body,  you  only  OTcrcome  this  attraction  $  and  could  you 
join  the  parts  exactly  in  the  fame  manner,  it  would  be  as 
ftrong,  as  it  was  before.  The  foldering  or  glueing  of  bo- 
dies is  only  the  bringing  of  the  conftituent  particles  fo  near 
that  the  attra£tion  of  cohefion  may  take  place. 

4.  The  attradlion  of  cohefion  is  not  caufed  either 
by  reft,  which  was  the  opinion  of  Des  Cartes  ;  or 
by  the  preflTure  of  the  air,  which  was  the  opinion 
of  Bernouilli. 

The  prefiure  of  the  air  on  a  circle  of  an  inch  diameter 
is  I  T,78  pounds ;  and  on  a  Circle  of  half  an  inch  diameter 
is  lefs  than  three  pounds ;  but  the  force  requiCte  to  feparate 
two  circles  of  lead  of  even  lefs  diameter,  brought  into  clofe 
conta£i,  is  feveral  times  greater. 

5.  The  attraftion  of  cohefion  is  exetted  between 
folids  and  fluids,  with  various  intenfity. 

Thus  water  and  quickfilver  are  attrafled  by  glafs ;  and 
the  particles  of  water  are  more  fl;rongly  attraftcd  by  glafs 

than 
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than  by  each  other,  but  the  particles  of  quickfilTcr  attraQ 
each  other  more  ftrongly  than  they  are  attracted  by  glafs. 

6.  The  attraftion  of  cohefion  is  proportional, 
caeteris  paribus,  to  the  furfaces  in  contadt. 

If  a  drop  of  oil  be  placed  between  two  glafs  planes  form* 
ing  a  fmall  angle,  their  concourfe  being  parallel  to  the  ho- 
rizon, at  difierent  diftances  of  the  drop  from  the  concourfe, 
the  planes  muft  be  elevated  to  different  heights  to  produce 
its  quiefcence.  Now  fince  the  attra£live  accelerating  forces 
of  the  planes  prevent  the  afcent  of  the  drop,  they  are  equal  to 
the  accelerating  forces  of  the  drop  on  the  plane  j  but  thefc 
forces  are  as  the  heights  of  the  plane,  which  by  meafuremcnt 
are  found  to  be  inverfely  as  the  fquares  of  the  diftances  of 
the  drop  from  the  concourfe.  But  the  drop  fpreads  over 
fpaces  inverfely  as  the  diftances  from  the  concourfe  $  there- 
fore the  forces,  by  which  the  particles  of  oil,  in  conuft  with 
equal  portions  of  the  plane,  are  accelerated,  are  inverfely  as 
the  diftances  from  the  concourfe;  now  the  abfolute  attraft- 
ing  forces  are  as  the  accelerating  forces  and  quantities  of  mat- 
ter conjointly ;  but  the  quantities  of  matter  are  inverfely  as 
the  accelerating  forces;  therefore  tlie  abfolute  forces  of 
equal  furfaces  in  contadt  are  equal. 

7.  If  two  parallel  glafs  planes  be  immerfcd  per- 
pendicularly in  water,  it  will  rife  between  them 
above  the  level  of  the  external  water. 

This  elevation  of  the  water  is  caufed  by  the  attradlion 
of  the  glafs  on  a  threefold  account  5  i  ft.  The  adion  of  the 
glafs  upon  the  water  immediately  below  the  planes,  which 
diminiflics  its  gravity ;  whence  it  is  preffed  upwards  by 

the 
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the  collateral  columns  of  w^ter,  which  are  beyond  the 
fphere  of  adivity  of  the  glafs.  a^T.  The  attraction  of  the 
loweft  films  of  ghfe,  exerted  on  the  water  which  lies  be* 
tween  them.  34I7.  The  attradion  of  the  films  of  glafs' 
which  are  exftant  above  the  furface  of  the  water ;  the  alti- 
tude of  thefe  a£):ing  films  being  always  equal  to  the  fpace 
through  which  the  attra£iion  of  glafs  on  water  extends. 

8.  If  two  glafs  planes  forming  an  angle>  be  im* 
merfcd  perpendicularly  in  water,  the  furface  of  the 
"water  which  rifes  between  them  will  form  a  regular 
curve,  the  height  of  the  water  being  always  reci- 
procally as  its  diftance  from  the  concourfe  of  the 
planes. 

This  curve  is  the  conical  hyperbola,  whofe  aflymptotes 
are  the  concourfe  of  the  planes,  and  a  line  on  the  horizon^ 
tal  level  of  the  water,  which  bifeds  the  angle  of  the  planes. 

9.  If  a  capillary  tube  be  immerfed  perpendicular-? 
ly  in  water,  the  water  will  rife  in  the  tube,  and  ftand 
above  the  level  of  the  ambient  fluid  in  the  veflel. 

This  afcent  is  accounted  for  in  the  iame  manner  as  be* 
tween  parallel  glafs  planes. 

10.  The  afcent  of  water  in  capillary  tubes  is 
neither  caufed  by  the  attraction  of  the  whole  inte- 
rior furface  of  the  tube,  nor  by  the  preflure  of  the 
air. 

11.  The  afcent  of  water  in  capillary  tubes  is  cauf: 
ed  by  the  adion  of  the  loweft  glafs  annulus  of  the 

tub«. 

Becauie 
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.  Ift .  Becaufe  that  U  the  only  annulus  wkofe  force  in  raif* 
ing  the  water  is  not  countera£ied  by  another  annulus  below 
it^drawing  the  water  downwards.  %^7.  If  the  water  were 
fufpended  by  the  annulus  contiguous  to  the  upper  furface 
pf  the  water,  the  water  below  the  fphere  of  its  z£k\on  muft 
be  fuftained  either  by  the  cohefive  force  of  the  water,  or 
by  the  prcffuie  of  the  air  \  but  the  cohefive  force  of  the 
water  is  inadequate  to  this  efie£k ;  and  it  does  not  depend 
on  the  preffure  of  the  air,  bccaufe  the  experiment  fucceedn 
equally  well  in  vacuo^ 

12.  If  a  tube  be  coxjipoftd  of  two  capillary  tub^s 
of  difFerent  diameters,  the  water  will  be  fufpended 
to  the  fame  height,  whether  the  wide  or  narrow 
end  be  immerfed  in  thp  water ;  provided  that  when 
the  narrow  tube  is  immerfed,  the  water  be  above 
the  jtjnAure  ;  bpt  when  the  wider  is  immerfed,  it 
be  below  itt 

For  the  narrow  tube  being  completely  fiill,  the  equal  ani» 
null,  at  each  e9:tremity,  attrad  the  intermediate  columa 
of  water  with  equal  forces,  in  contrary  dire£lions,  an4 
therefore  deftroy  each  others  effeds ;  the  wide  annnulu^ 
therefore,  at  the  junf^ure,  produces  its  tfkO.  undifturbedi^ 
Ztii  fuftains  a  column  whofe  magnitude  is  proportional  to 
its  diameter. 

13.  Jf  when  the  wide  tube  is  immerfed,  the  wa* 
ter  be  permitted  to  rife  to  the  narrower,  it  will  be 
fufpended  at  the  fame  height,  as  if  the  tube  were 
continued  of  the  fame  bore  with  the  narrower. 

thig 
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This  phaenomenon  depends  on  the  preflure  of  the  2ir>  for 
It  does  not  fucceed  in  vacuo. 

14.  The  height  of  the  water  in  different  capil- 
lary tubes  is  reciprocally  as  the  diameter  of  the 
tube. 

Let  G  denote  the  force  with  which  glafs  attrads  water, 
and  jF  the  force  with  which  water  attrafts  itfelf  ,  then  G — F 
will  denote  the  force,  with  which  the  water  is  elevated 
by  the  aAion  of  the  lower  annulus  on  the  fluid  juft  be« 
low  the  prifice  of  the  tube.  Likewife  G — F  will  denote 
.the  force  with  which  the  water  within  the  tube,  and  in 
contad  with  the  lower  annulus,  is  elevated ;  and  2  G — 2  F 
will  denote  the  whole  force,  by  which  it  is  elevated  on  both 
thefe  accounts  together.  Biiti^is  the  force,  by  which  it  ia 
raifed  by  the  a£tion  of  the  annulus,  which  is  extant  above 
the  furface  of  the  water ;  therefore  2  G — F  will  exprefs  the 
entire  force,  with  which  water  is  raifed  in  a  capillary  tube 
of  gbfs. 

Hence  the  fluid  will  always  rife  in  a  capillary  tube,  if  the 
attra&ion  which  fubCfts  between  it  and  the  fluid,  be  greater 
than  half  the  force  which  fub(ifl:s  between  the  particles  of 
the*fluid  themfelves. 

If  G  and  JF  be  nearly  equal,  whatever  may  be  their  mag« 
nitude,  the  height  of  the  fluid  will  fee  the  fame  whether 
the  tube  continue  immerfed  in  the  fluid,  or  be  lifted  up 
out  of  it. 


H  LEG- 
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LECTURE    VII. 


J, 


F  water  be  fufpcnded  in  a  capillary  tube,  atkl 
the  tube  be  then  inverted,  the  water  will  defcend. 

2.  But  in  an  upright  conical  tube  it  wiU  conti- 
nue fufpendcdw  ^ 

3.  }f  the  experiments  hitherto  recited,  made 
with  glafs  planes  aAd  capillary  tubes,  be  inftituted 
with  mercuns  the  effedts  will  be  the  reverfe  of 
thofc  which  are  produced,  when  water  is  the  fluid 
made  ufe  of. 

Thus  if  a  Capillary  tube  of  glafs  be  immerfed  in  mer- 
cury, the  fluid  within  the  tube  will  (land  lower  than  the 
furface  of  the  external  mercury ;  and  the  deprcflion  will  be 
reciprocally  as  the  diameter  of  the  tube ;  which  depreflidn 
is  caufcd,  i^.  By  the  aftion  of  the  glafs  on  the  mercury 
immediately  below  the  orifice  of  the  tube,  which  attraft- 
ipg  the  mercury  upwards  Icfs  forcibly  than  it  would  be, 

if 


Digitized  by  VjOOQ IC 


L.  7.  MECHAKieS.  jl 

if  the  tilbe  weve  removed,  it  is  comparatively  heavier,  and 
therefore  fuWides.  2^7-  The  cylinder  of  mercury  at  tlic  very 
l^weft  extremity  of  the  tube,  MrhoTe  altitude  is  equal  to  that 
•f  Ae  attraAing  aanuiuS)  is  lefs  attra£bed  upwacds,  than  if  the 
giafs  were  removed^  and  dierefore  the  mercury -fubfides  on 
this  account  alfo,  as  before.  3^17.  The  upper  plate  of  merr 
eury  within  the  tube  is  aduaily  neither  attra£led  upwards 
nor  downwards  $  but  if  <tke  tube  were  removed,  the  upper 
plate  of  mercury  would  be  attra£beid  jdownwards  by  the  force 
of  an  asinulus  of  merci^y  ;  ;therefore  the  mercury,  on  thi$ 
account,  is  lighter^  than  if  the  tube  ^ere  removed,  by  the 
a^trad^ion  of  «  m^rci^rial  annulus. 

Let  JIf  denote  the  attr^Aive  force  pf  an  annulus  of  merr 
cury  on  mercury ;  G  the  force  with  which  an  equal  annu- 
lus of  glafs  attra£3bs  mercury  ;  then  will  M — G  denote  the 
force,  with  whi^h  the  nierci^ry  fubfidcs  by  each  of  the  two 
frft  caufes;  and  2  Jlf-*-  2  G  denotes  the  force  with  which 
jit  fubfides  by  the  a£kion  pf  both  caufes  conjoined  ;  but  M, 
which  denotes  the  force,  with  which  it  would  afcend  by  the 
operation  of  the  third  caufe,  being  f^btraded  from  2M — aG, 
rhe  remainder  Jf-r— 2  Gwill  exprefs  the  entire  force  with 
which  the  mercury  fubfidcs,  ajl  cajxfc$  being  taken  into  con, 
fideratton. 

Hence  the  fluid  wirfiin  the  tube  wijl  ftand  lower  than  the 
level  of  the  external  fluid  only  when  the  attra£HQn  which 
fubfifts  between  its  particles,  exceeds  the  attra£bion  which 
fubfifts  between  it  and  the  tube,  in  a  greater  rafio  than  2 
to  I. 

4.  The  phsenomena  of  the  Rope-Pump  depend 
on  corpufcular  attraftion. 

Ha,  l^ 
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In  the  beft  contrived  machine  of  this  kind^  a  man  by  his 
tttmoft  exertion  can  raife  9  gallons  of  water  95  feet  high  in 
m  minute ;  bat  a  man  with  a  good  common  fucking  pump 
can  raife  15  gallons  to  the  fame  height  in  the  fame  time; 
dierefore  the  Rc^erPumpi  ho.wever  ingenious^  is  of  no 
great  ufe  in  mechanics. 

5.  The  phenomena  of  Blowing  Machines  de^ 
pend  likewife  on  corpufcular  attraftion. 

Thefe  machines  confift  merely  of  a  vertical  tube,  through 
which  defcends  a  continued  ftream  of  water  j  the  water 
carries  down  with  it  a  good  quantity  of  air,  which  being  dif- 
lodged  from  the  water,  and  coUeded  in  a  receiver,  is  con* 
dufted  by  tubes  to  any  defired  part  of  the  furnace. 


L.ECTU  RE 
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LECTURE    VIII. 


1 .  1  HE  mutual  aftions  of  maffes  of  matter  arc 
regulated  by  the  attraftion  of  gravity,  which  afts 
with  great  force  even  at  confiderable  diftances. 

All  bodies  in  the  neighboyrhood  of  the  earth  have  a  ten- 
dency to  move  towards  it,  and  in  a  dire£iion  nearly  palling 
through  its  centre;  this  tendency  is  called  Gravity,  and  arifes 
from  the  compound  tendency  towards  all  its  parts,  for  the 
dirediion  of  the  combined  action  of  all  the  particles  com^ 
pofing  a  fphere,  pafles  thro  the  centre. 

The  weight  of  a  body  is  its  tendency  to  the  earth,  conw 
pared  with  the  like  tendency  of  fome  other  body,  which  ift 
^onfidered  as  a  ftandard, 

2,  Gravity  at  all  heights  to  which  bodies  are 
ufually  projedted  above  the  level  of  the  fea,  is  found 
to  be  a  conllant  force,  or  to  aA  with  the  fame 
intenlity, 

3.  But  accurately  fpeaking,  gravity  at  all  dif* 
tances  above  the  furface  of  the  earth,  varies  in  the 

invcrii? 
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inverfe  duplicate  ratio  of  the  diftance  from  its  cen- 
tre. 

4.  Below  the  furface,  gravhty  vajries  in  the  di- 
reft  fimple  ratio  of  the  diftance  from  the  centre. 

5.  All  bodies  in  the  fame  latitude,  are  found  to 
be  equally  afted  upon  by  gravity,  whether  quief- 
cent  or  moving,  or  whatever  be  their  magnitude, 
figure,  or  denfity. 

In  the  latitude  of  London  all  bodies  acquire  a  velocity  in 
falling  1",  which  would  carry  them  uniformly  through  32,2 
feet  in  the  fame  time. 

6.  Suppofing  the  earth  fphcrical,  the  diminution 
of  gravity,  arifing  from  the  centrifugal  force,  varies 
as  the  fquare  of  the  cofine  of  latitude. 

7.  The  figure  of  the  earth  is  not  exaftly  fphe- 
jrical,  but  is  that  of  a  fpheroid  flatted  at  the  poles, 
and  fwelling  out  ^t  the  equator. 

In  the  year  1 736,  the  French  Mathen)atician8  were  fent 
towards  the  North  Pole  to  meafurc  a  degree  of  the  meri- 
dian; and  they  determined  it  to  be  57405  French  toifes  in 
the  lat.  66^  20' ;  the  Mathematicians  who  were  fent  at  the 
fi^me  time  to  Peru,  fpc  the  fame  purpofe,  determmed  the 
length  of  a  degree  under  the  equator  to  be  56749  toifes ; 
whence  it  follows,  that  the  curvature  of  the  earth's  furface 
is  greater  at  the  equator  than  at  the  poles ;  and  confequendy, 
that  the  equatorial  diameter  is  greater  than  the  axis  of  the 
earth. 


The 
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The  menfurations  which  may  be  chiefly  relied  on,  are 
thofe  inftituted  in  Peru,  at  Turin,  Vienna,  in  France, 
and  in  Lapland;  not  only  becaufe  of  the  (kill  and  care 
of  the  Mathematicians  who  condu£^ed  them ;  but  likewife 
on  account  of  the  fituation  of  thofe  places,  which  were  fo 
circumftanced,  that  the  plumb-lines  of  the  inftruments 
were  not  difturbed  by  the  attra£kion  of  neighbouring  moun* 
tains. 

The  meafurements  in  thofe  places  were  as  follows : 
I.  Peru        •         .        .     Lat.       o  —  56749  Toifcs 
a.  Firft  meafure  in  France    43®   31  —  57048 

3.  Turin.       .  .        44     44  _  57138 

4.  Second  meafore  in  France  45     45  —  57050 

5.  Vienna     .         .        •       48     43  —  57086 

6.  Paris         .         .        .       49     23  —  57074 

7.  Lapland    .        •        .      66    ao  —  57405 

If  thefe  different  meafures  be  varioufly  combined,  dif- 
ferent ratios  of  the  axes  will  arife,  the  mean  of  which  ap- 
pears to  be  the  ratio  of  230  to  231.  It  is  admitted  that 
the  errors,  in  meafurement,  may  amount  to  40  toifes  in  one 
degree ;  neverthelefs,  as  Frifi  obferves,  a£lual  meafurement 
feems  preferable  to  any  calculation  derived  from  the  lengths 
of  pendulums,  becaufe  the  internal  conftitution  of  the  earth 
will  hare  a  confiderable  influence  on  the  times  of  their  vi- 
brations ;  it  is  alfo  to  be  preferred  to  any  calculation  deriv- 
ed from  the  hypothefis  of  the  earth's  having  been,  at  its  for- 
mation, entirely  fluid,  becaufe  obfervations  on  the  inferi- 
or ftrata  of  the  earth  do  not  appear  to  juftify  that  hy- 
pothefis. 

8.  The 
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■  8.  The  degrees  of  the  terreftrial  meridian,  in 
receding  from  the  equator  towards  the  poles,  are 
increafed  in  the  duplicate  ratio  of  the  right  fine  of 
latitude. 

Fig.  4.  In  the  ellipfe  MAmB,  let  CA  be  the  greater,  and 
CM  the  lefs  femi-axis  $  PN  a  perpendicular  to  the  perime- 
ter of  the  ellipfe  in  P,  meeting  the  axis ;  and  PE  an  ordi- 
nate: then  by  Prop.  24.  Lib.  2.  and  Cor.  i.  Prop.  31.  Lib.  i. 
Ham. Con.  PN^  =  (P£»+2VS«  = )  CM^—CA^—CM^ 

X — -TTz »  a»d  by  Prop.  18.  Lib.  5.  and  Prop.  22. 

CA^xPNj 


Lib.  2  H.  C.  the  radius  of  curvature  atP  is  =  • 


CAt^ 


CA^ 


If  inftcad  of  CE^  we  fubftitute-^  x  CM^  —  PE^,  we 


fliaU  have  PN^  zz  -J^+  ^^^Vf^^Xf^*;  and  if  the 
CA*  CA* 

fine  of  the  angle  PNE  be  called  /,  we  Ifaall  have  PN^  =£: 
-  X^^i  stnd  this  being  fubftituted,  the  ra* 


CA*^CA*—CM* 

..       r  .»  CA*xCM* 

dius  of  curvature  at  P  = . 


CA*^CA*—CM*xt*^^ 
If  now  we  make  CM  =  c,  CA  =r  c-^i,  and  i,  the  difier* 
ence  of  the  femi-axes,  be  fo  fmall,  that  its  fquaie  may  be  ne* 

gle£ied,  the  radius  <>f  curvature  will  be  =r        ^J^ 


—  c — i-{-3  *./*.    See  Frifi's  Cofmographia. 

9'  The 
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9*  The  oblate  fpheroidical  figure  of  the  earth 
may  be  determined  from  tbe  meafurement  of  a  me- 
ridional degree  in  two  different  latitudes. 

rig.4-ForP^r*= ^^^ 

CA^—CA^—CM^Xt^  and  the  radius  of 

curratare  which  is  direfUy  as  PN'^will  be  in  the  inverfe  fef-* 

quiplicate  ratio  of  CA^—CAk^M^  X^*  »  if  therefore  the 
meafurement  of  a  degree  be  called  Gy  and  the  fine  of  lati- 
tude t$  and  there  be  another  arch  E^  nearer  to  the  equa- 
tor,  znA  the  fine  of  latitude  be  s,  we  ihall  have  thb  analogy, 

G:Ex :  CA^—Cjf^:^MKs^  l-  CA^—CA^—CM^.  ^al^ 
that  is,  fince  CA  zz.  c-^b^  and  CA — CM=  b^  and  b  is  very 
linaU,  GxEixCA^—iCA.b.s^]!^  :  CA^^iCaXI^  i 
very  nearly }   or  6  :  JS : :  CA — 3*.  /«    :    CA^^^b.  t^  ; 

whence  -_-=^_--=:---— ZL_  _^.  Andif  JSbemea^ 
CA        c-^-b    3G.  /» — 2E.  /« 

b  G    E 

fured  at  the  equator, =    ^  See  Friff g  Cofino* 

^  r-f  *      3G.  /»• 

graph. 

The  figure  of  the  earth  might  alfo  be  determined  by  the 

meafurement  of  a  degree  in  two  parallels  of  latitude,  but 

not  fo  accurately  as  by  meridional  arcs,  ifj,  Becaufe  when 

the  diftance  of  the  two  ftations,  in  the  fame  parallel,  is  mea- 

fured,  the  celeftial  arc  is  not  that  of  a  parallel  circle,  but  is 

nearly  the  arc  of  a  great  circle  j  and  always  exceeds  the  arc 

truely    correfpondent   to   the  terreftrial  arc.     a^j.    The 

interval  of  the  meridians  pafling  through  the  two  ftations 

muft  be  determined  by  a  time-keeper,  a  very  fmaU  enor  in 

I  the 
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the  going  of  which  will  produce  a  very  confid^i^ble  error  in 
the  computation.  , 

10.  The  mutual  gravitation  of  bodies  in  the 
neighbourhood  of  the  earth  is  rendered  only  infen- 
fible  by  the  predominant  influence  of  the  earth. 

For  it  has  been  afcertained,  by  the  accurslte  experiments 
of  Do£i:or  Mafkelyne,  that  the  attra£tion  of  a  mountain  is 
fufficient  to  draw  the  plumb  line  fenfibly  from  the  perpendi- 
cular. 

The  quantity  of  attra£lion  of  a  hill  is  meafured  by  the  de- 
viation of  the  plumb-line  from  the  perpendicular ;  which  de- 
viation it  found  by  making  two  obfervations  of  the  zenitK 
diftanccs  of  a  fixed  ftar,  one  on  the  riorth  fide  of  the  hill, 
the  dthct  oh  the  fouth  fide.  On  the  fputh  fide,  the  plumbs 
line  being  carried  northwards  it  its  lower  cxttcmity,  towards 
the  mountain,  will  occafion  the  apparent  zenith  diftance  to 
approach  the  equator ;  and  therefore  the  latitude  of  the  place 
will  ap^ar  too  fm^l  by  the  quantity  of  attraSiion :  the  con- 
trary happens  on  the  north  fide  of  the  hill.  Therefore  the 
difference  of  latitudes  will  appear  too  great  by  the  fum  of 
the  attradlions  j  if  therefore  the  difference  of  latitude  of  the 
two  ftations  determined  by  adiual  meafurement,  according 
to  the  length  of  a  degree  of  latitude  in  that  parallel,  be  fub- 
traftcd  from  the  difference  of  latitude  determined  by  celef- 
tial  obfervations,  the  difference  will  give  the  fum  of  the  two 
contrary  attraftions  of  the  hill. 

11.  Gravity  is  not  caufed  by  the  emiffion  of 
magnetic  effluvia  5  nor  by  the  impulfc,  trufion,  or 
aftion  of  the  materia  fubtilis. 

12.  Gravity 
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12.  Gravity  is  not  an  innate  property  or  prima- 
ry quality  of  body^ 

i^y  Gravity  cannot  be  a^rcpun^ed  for  by  the  ac- 
tion of  any  fluid,  whether  claftic  or  non-elaftic, 
quiefcent  or  figitated. 

Howerer  unfearcfaable  ^e  efficient  caufe  of  gravity 
may  be,  its  final  caiafe  is  evident,  ift.  To  prevent  the  difE- 
pation  of  the  parts  of  the  planets,  i»hich  would  be  caufedby 
their  rotation  on  their  axes.  ofif.  To  produce  a  vicifitude 
of  fea£9n8,  a  revolution  of  the  planet^  round  the  fun  waa  ne* 
ceflary^  which  is  efle£led  by  the  combination  of  gravity  witl^ 
the  projeftilc  force. 


1 2  LECTURE 
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LECTURE    IX. 


I.  Terrestrial  mechanics  are  generally  re- 
folvcd  into  two  clafles.  Statics,  which  treat  of  the 
equilibrium  of  bo4ies,  and  Pynamics,  which  treat 
of  their  motion. 

2.  A  lever  is  defined  to  be  an  inflexible  right  line 
void  of  gravity,  and  moveable  about  a  fixed  point 
called  the  fulcrum  j  but  as  every  body  is  ponderous^ 
the  lever  is  balanced  before  the  weights  arp  ap- 
plied, in  order  that  the  weight  of  the  inftrumenf 
itfelf  may  not  difturb  the  equilibrium,which  (hpuld 
be  produced  according  to  theory. 

3.  If  a  weight  hp  fypported  qn  an  horizontal 
lever  which  refts  on  two  fuli:rums,  and  be  fimilarly 
fituated  with  refpeft  to  them  both,  each  of  the 
fulcrums  will  fuftain^  a  preflure  equal  to  half  the 
weight. 

For  fince  the  lever  18  fuppofed  to  be  horizontal,  the  whole 
weight  prefles  perpendicularly  agalnft  it,  and  therefore  the 

two 
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two  fiilcnims  fuftain  a  perpendicular  preflure  equal  to  the 
whole  weight ;  but  they  are  fimilarly  fituated  with  refpeA 
to  the  weighty  therefore  the  preflure  is  equally  diftributed 
between  them* 

4.  Equal  forces  acting  perpendicularly  at  the  ex- 
tremUies  Qf  ^qual  arms  of  a  lever  will  balance  each 
other. 

5,  If  a  uniform  cylinder  be  fupported  on  the 
middle  point  of  its  axis,  in  an  horizontal  pofitiony 
it  will  continue  at  reft. 

6.  If  a  ijniform  cylind<er  be  balanced  on  the  mid- 
dle of  an  horizontal  lever,  the  equilibrium  will  not 
be  diflurbed^  if  the  cylinder  be  cut  into  any  two 
parts,  by  a  plane  perpendicular  to  the  axis  .of  the 
cylinder. 

For  the  fprce  qf  cplfefipn  can  aA  only  into  two  waya^ 
either  in  preventing  the  particles,  which  are  in  conta£i,  from 
feparating.  by  mpying  in  a  vertical  dire6lion,  or  in  draw- 
ing them  horizontally  toytrards  <?gch  other ;  now  the  fprmer 
ctkSt  is  equally  produced  by  the  leyer,  on  which  the  cylin- 
4er  refts ;  and  fince  the  latter  confifts  merely  in  drawing  the 
particles  in  a  dire£lion  parallel  to  the  lever,  it  can  have  no 
cScBl  in  Qipving  it. 

7,  If  a  uniforni  cylinder  reft  on  an  horizontal 
lever,  which  is  fupported  on  a  fulcrum  at  one  of  its 
extremities,  it  will  be  balanced  by  half  the  weight 
of  the  cylinder,  at  twice  the  diftance  of  the  mid- 
dle point  of  the  cylinder  from  the  fulcrum. 

Kg* 
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Fig.  5.  For  let  C  be  thefukrum,  and  AD  the  cylinder^  whofe 
middle  point  is  £;  take  E^jnEC^  and  fuppofe  the  end  ^ 
to  be  fuftained  \^  a  prop ;  then  as  AD  is  fimilarly  fituated 
with  rcfpefl:  to  each  end  of  the  lever,  tlie  prop  and  fulcrum 
mud  bear  equal  parts  of  the  whole ;  and  therefore  the 
prop  at  ^  will  be  prc/Ted  vith  a  weight  cqjial  to  half  that 
of  the  cylinder ;  therefore  the  cylinder  will  be  balanced  by 
ha)f  its  weight  pulling  the  point  ^upwards,  that  is,  by 
the  fame  half  weight  hung  from  the  point  P,  pulling  it 
downwards,  if  PCz=^  C^=  aCB, 

$.  Any  two  weights  ^fting  perpendicularly  upon 
an  horizontal  Jeycr,  and  at  contrary  fides  of  the 
fulcrum,  will  balance  each  other,  \i  they  be  reci- 
procally proportional  fo  their  diftances  from  the 
fulcrum. 

Fig.  6.  Let  9c  mAy  be  the  two  weights,  and  {/"the  lever ;  let 
each  of  the  two  weights  be  doubled,  and  formed  into  a 
uniform  cylinder  AB^  whofe  length  is  equal  tp  ef\  \A£tGt 
AB  in  C^  then  this  cylinder  will  balance  itfejf  on  the  ful- 
crum C;  let  it  be  cut  at  Z),  fo  tjiat  AD  :  DB  :  :  x  :  y; 
then  bifca  AD  in  £,  and  DB  In  F,  fq  wijl  AEz=:x,  and 
DFzii  y :  and  the  equilibrium  will  ftill  remain ;  let  Eezz^EC^ 
and  Ff=L  FC ;  then  eA  =  DC  =fB.  Now  a  weight  equal 
to  AE  or  AT,  at  the  diftance  eC  from  the  fulcrum,  would 
balance  the  cylinder  AD ;  but  AD  balances  the  cylinder 
DB  s  therefore  x  at  the  diftance  eC  would  balance  the  cy- 
linder DB,  In  like  manner,  half  the  cylinder  DB  or  y, 
at  the  diftance  Cf  from  the  fulcrum,  would  balance  DB: 
diercfore  fince  the  weights  x  and  y,  at  their  refpeftiy?  dif- 
tances 
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tances  eC,  fC  from  the  fulcrum  would  balance  the  fame 
^weight,  in  the  fame  circumftances,  they  will  balance  each 
other.  But  eC=DB,  and  Cf=z  AD,  therefore  eC  :  Cf  :  : 
DS :  AD  I  I  y  I  x\  that  is,  the  weights  x  and  y,  when  in 
equilibrium,  are  to  each  other  reciprocally  as  their  diftances 
from  the  fulcrum. 

9*  There  will  be  an  equilibrium  on  the  lever,  if 
the  weights  be  reciprocally  as  the  velocities,  with 
which  they  would  move,  if  they  were  fet  in  mo- 
tion. 

10.  It  is  of  no  confequence  in  what  point  of  the 
line  of  direclion  the  force  ads. 

11.  When  an  inflexible  line  is  kept  in  equilibri- 
um by  three  forces  adting  on  it,  any  two  of  thefe  for- 
ces will  be  to  each  other  reciprocally  as  the  perpen- 
dicular diftances  of  the  lines  of  direftion  from  the 
point  of  application  of  the  third  force. 

12.  There  will  be  an  equilibrium  on,  the  com-, 
pound  lever,  when  the  power  is  to  the  weight,  in 
a  ratio  compounded  of  the  ratios  of  the  feveral 
powers  to  their  refpeftive  counterpoifing  weights  on 
each  lever  feparately. 


L  E  C^ 
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LECTURE     X. 


1  •  Any  of  the  five  regular  folids  being  fupported 
on  its  centre  of  magnitude^  will  continue  at  reft  in 
any  pofition. 

2.  There  is  a  point  within  every  body  which  be- 
ing fupported,  the  body  will  continue  at  reft  in 
any  poGtion. 

Thisr  point  is  called  the  centre  of  gravity.  Though  all 
bodies  have  a  centre  of  gravity,  or  a  point  through  which  a 
plane  pafling  in  any  dire£lion  refolves  the  body  into  two 
equiponderating  parts ;  yet  all  bodies  have  not  a  centre  of 
magnitude,  or  a  point  through  which  a  plane  paifing  in  any 
dire&iott  wffl  lefolve'  the  body  into  two  equal  magnitudes. 
Thus  no  ordinate  polygon,  of  an  uneven  number  of  fides, 
has  a  centre  of  magnitude* 

3.  If 
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3.  If  two  bodies  be  conne&ed  by  a  right  line 
joining  their  centres  of  gravity,  and  the  point  which 
divides  that  line  in  the  reciprocal  proportion  of 
their  weights,  be  made  a  fulcrum,  the  bodies  will 
continue  in  equilibrium  in  any  pofition. 

This  point  is  called  their  common  centre  of  gravity. 
Hence,  the  eSedt  of  a  body  to  move  a  lever  is  the  fame» 
as  if  its  weight  were  concentrated  in  its  centre  of  gravity. 
And  if  a  weight  be  fufpended  from  any  point  of  a  lever,  its 
eSc€t  to  move  it  is  tlie  fame,  as  if  the  weight  were  conceQ« 
trated  in  that  point, 

4.  The  common  centre  of  gravity  of  three  bo- 
dies is  the  common  centre  of  gravity  of  any  one, 
and  of  the  other  two  confidered  as  one  body  uni- 
ted in  their  common  centre  of  gravity.  And  fo  on 
for  any  other  number  of  bodies. 

5.  If  from  two  angles  of  a  triangle  there  be 
drawn  right  lines  bifedting  the  oppolite  fides,  the  cen- 
tre of  gravity  will  be  in  this  line,  at  two  thirds  from 
the  vertex. 

6.  All  plane  figures  may  be  refolved  into  trian- 
gles, whofe  centres  of  gravity  being  found  by  the 
laft  article,  their  common  centre  of  gravity  will  be 
the  centre  of  gravity  of  the  figure. 

7.  A  body  or  fyftem  of  bodies  cannol  have  more 
than  one  centre  of  gravity. 


For 


Digitized  by  VjOOQ IC 


66  MECHANICS.  L.  IO« 

For  if  there  were  two^  let  its  fuppofe  the  body  to  revolve 
on  one  of  them^  until  the  other  lie  in  the  fame  horizontsd 
line ;  then  it  would  follow,  that  the  equilibrium  in  the  lever 
would  not  be  dillurbed  by  increafing  one  of  the  arms  and 
diminifliing  the  other  j  which  is  abfurd. 

8.  A  force  applied  at  the  centre  of  gravity  of  a 
body  cannot  produce  a  rotatory  motion. 

For  every  particle  refifts,  by  its  inertia,  the  eommumcar 
tion  of  motion,  and  in  a  direction  oppolite  to  that  in  which 
the  force  applied  tends  to  communicate  the  motion ;  their 
refiftances  therefore  a£t  in  parallel  lines,  in  the  fame  maxw 
ner  as  their  gravities ;  and  they  are  proportional  to  their 
weights  \  therefore  fince  the  weights  balance  eadi  other  on 
the  centre  of  gravity,  (b  alfo  will  the  refiftances  of  the  in- 
ertia of  the  particlesr 

9.  When  two  weights  are  fufpended  by  a  cord, 
or  othervvife  hang  freely  from  a  ftraight  lever,  if 
there  be  an  equilibrium  in  the  horizontal  pofition, 
there  will  alfo  be  an  equilibrium  however  it  may 
be  inclined  to  the  horizon. 

10.  If  the  weight  be  fattened  to  the  lever,  though 
there  may  be  an  equilibrium  when  the  lever  is  hori- 
zontal, yet  there  will  not,  if  it  be  inclined. 

Hence,  when  two  men  carry  a  weight  by  a  lever,  from 
which  it  hangs  freely,  there  will  be  no  advantage  gained,  nor 
inconvenience  fuffered  either  by  the  firft  man  or  the  laft  in 
going  up  or  down  hill.  But  if  the  weight  be  faftened  ti> 
the  lever,  and  reft  upon  it,  in  going  up  hill  the  foremoft 

man 
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man  will  fuftain  a  kfs  portion  of  the  weight,  and  in 
going  down  hill  will  fuftain  a  greater.  And  tlie  contrary 
will  happen,  when  the  weight  k  attached  to  the  lever,  and 
below  it» 

11.  The  centre  of  gravity  continually  endeavours 
to  defcend  in  a  vertical  line. 

Gravity  a£%s  in  a  dire£lion  perpendicular  to  the  horizon ; 
and  fince  the  whole  weight  of  the  body  may  be  confider- 
ed  as  collected  into  the  centre  of  gravity,  that  point  will 
always  endeavour  to  defcend  in  a  vertical  line,  and  with  a 
force  equal  to  the  body's  weight ;  for  this  reafon,  a  vertical 
line,  pafling  through  the  body's  centre  of  gravity  is  called 
the  line  of  dirediion, 

12.  If  two  rulers  forming  an  angle  at  one  of 
their  ends,  reft  there  oh  an  horizontal  plane,  whilflt 
at  the  other  they  are  raifed  above  the  pla»e,  and  if 
a  body  confifting  of  two  equal  and  fimilar  cones, 
joined  at  their  bafes,  be  laid  upon  the  rulers  ia 
fuch  a  manner^  as  that  the  edge  of  their  bafes  may 
lie  between  the  rulers,  it  will,  when  left  to  itfelf, 
roll  towards  the  elevated  extremities  of  the  rulers, 
provided  the  femidiameter  of  the  cone  be  greater 
than  the  height  of  the  rulers,  where  their  interval 
is  equal  to  the  axis  of  the  double  cone. 

If  the  femidiameter  of  the  double  cone  be  equal 
to  that  altitude,  it  will  continue  at  reft  on  any  part 
of  the  rulers  i  if  lefs,  it  will  roll  down. 

K  a  The 
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The  contrarj  will  happen  if  the  cones  be  united  at  their 
irertezes. 

13.  When  the  centre  of  gravity  and  the  centre 
of  magnitude  of  a  cylinder  do  not  coincide,  it 
can  roll  up  an  inclined  plane,  if  the  right  fine  of 
the  angle  of  elevation  of  the  plane  be  lefs  than  the 
interval  between  the  centres  of  gravity  and  magni- 
tude, the  fcmidiametcr  of  the  cylinder  being  radi- 
us ;  if  equal,  it  will  continue  at  reft  in  one  pofiti- 
pn  ;  if  greater,  it  will  roll  down  the  plane  in  every 
pofition. 

14.  If  the  centre  of  gravity  of  ^  body  be  beneath 
^ny  point  of  it,  which  is  fupported,  the  body  will 
remain  fupported,  otherwife  no):- 

Hence,  if  a  body  be  increafed  or  diminiflied  by  the  ad. 
dition  or  fubdufbion  of  any  part,  the  pofition  of  the  centre 
of  gravity  will  be  changed,  and  the  body,  which  before  was 
fupported,  may  now  fall ;  and  the  contrary. 

15.  If  the  plane  bafe  of  a  body  be  placed  on  an 
horizontal  furface,  the  line  of  diredion  pafling 
without  the  bafe,  the  body  will  fall  j  but  if  the 
line  of  direftion  pafs  through  the  bafe,  the  body 
will  remain  fupported. 

16.  If  a  body  be  fet  upon  an  inclined  plane, 
the  line  of  diredion  will  fall  oblique  to  the  bafe; 
in  this  cafe,  if  the  line  of  direftion  fall  within 
the  bafe,    the  body  will  Hide   down    the  piano; 

but 
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but  if  it  fall  without  the  bafe,  the  body  will  rolU 
or  partly  ijide  and  partly  roll^  according  as  the 
quantity  of  fridlion  is  greater  or  lefs. 

If  there  were  no  fridion,  the  body  of  whatever  form 
would  Aide  without  rolling. 


L  E  C- 
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LECTURE.    «I. 


I.  If  a  body  hang  freely  from  a  centre  of  fufpen- 
fion,  it  will  not  continue  at  reft,  unlefs  the  line  of 
direftion  pafs  through  the  centre  of  fufpenfion. 

When  the  line  of  diredion  docs  not  pafs  through  the  cen- 
tre of  fufpenfion,  the  weight  of  the  body  may  be  always  re- 
folved  into  two  forces,  one  of  which  impells  the  centre  of 
gravity  direftly  from  the  centre  of  fufpenfion,  and  is  totally 
counteraded,  becaufe  that  centre  is  fixed }  the  other  force 
a£ling  in  a  direftion  perpendicular  to  the  former,  and 
having  no  counterpoife,  urges  the  centre  of  gravity  in  the 
direftion  of  a  tangent  to  the  circle,  which  that  point  de-. 
fcribes  round  the  centre  of  fufpenfion.  This  force  is  always 
as  the  fine  of  the  angular  diftance  of  the  centre  of  gravity 
from  the  loweft  point 

If 
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If  a  body  be  fufpended  bj  a  line  from  a  fiicd  point,  it  wiM 
be  at  reft,  only  when  the  line  is  perpendicular  to  the  hori<- 
zon.  An  inftrument  of  thi^  kind  is  called  a  plumb*line )  by 
means  of  tlus  line  the  yertical  dire&ion,  and  the  hcMrizontal 
plane  which  is  perp^idiCttlar  to  it,  ate  detennined  j  for  two 
lines  which  ioterfeft  each  other  being  determined,  the  plane 
paffing  through  them  is  alfo  determined  *,  if  therefore  there 
be  two  lines,  which  are  perpendicular  to  each  other,  you 
can  by  the  plumb-line  afcertain,  when  one  of  them  is  tciw 
tical,  and  confequently  the  other  horizontal}  and  this  being 
done  ^in  a  fecond  pofition  of  the  lines,  fo  as  to  gire  a  f&- 
cond  horizontal  line  cutting  the  former,  the  horizontal 
plane  paflbg  through  them  is  determined.  A  plumb-line 
applied  to  right  lines  fo  fituated,  conftitutes  a  level.  An 
horizontal  plane  is  alfo  determined  by  fpirit  levels,  which  in* 
deed  have  the  advantage  of  being  free  from  any  agitation  pro- 
duced by  the  air ;  neverthelefs  the  plumb-line  is  to  be  pre- 
ferred, as  not  requiring  any  adjuftments,  and  being  eafily 
conftru£l:ed. 

2.  If  a  body  be  fufpended  from  centres  of  fufpen- 
fion  paffing  through  different  points  of  the  body, 
the  interfedion  of  lines  drawn  from  thefe  centres 
perpendicular  to  the  horizon,  when  the  body  is 
quiefcent,  will  coincide  with  the  centre  of  gra- 
vity. 

3.  The  centre  of  gravity  of  a  body  is^ometimes 

not 
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not  within  the  body  itfelf,  yet  the  fame  regard  is 
to  be  had  to  its  motion  or  fupport,  as  if  it  were. 

The  centre  df  gravity  of  the  bones  of  animals  does  not 
lie  in  the  bone^  themfelves,  but  in  their  imaginary  axes ; 
sit  which  conftru£lioin  id  manifefted  the  wifdom  of  the  Di- 
vine Artift.  The  number  aftd  adhefion  of  the  fibres  com- 
pofing  a  bone  being  given,  the  ftrength  of  a  (olid  cylin- 
der of  bone  is  to  the  ftrength  of  a  hollow  cylindrical  bon^ 
diredly  is  their  diameters. 

4.  The  diftances  of  bodies,  as  far  as  relates  to 
the  aftion  of  their  weights,  is  expreffed  by  the  dif- 
tances of  their  centres  6f  gfavity  j  and  the  eftima- 
tion  of  the  forces,  by  which  bodies  or  fyftems  of 
bodies  are  urged  by  gravity  near  the  furface  of  the 
earth,  is  determined  by  this  point. 

For  the  cflFedl  of  the  prcffure  of  the  whole  body  to  ge- 
nerate motion  in  a  lever,  is  the  fame,  as  if  all  the  matter 
were  colledled  in  the  centre  of  gravity. 

5.  If  any  number  of  bodies  be  placed  on  a  lever, 
there  will  be  an  equilibrium,  when  the  produds  of 
the  fums  of  the  bodies  on  each  fide  of  the  fulcrum, 
multiplied  into  the  diftance  of  their  common  cen- 
tre of  gravity  from  the  fame  fulcrum,  are  equal, 

6.  There  will  be  an  equilibrium  in  the  lever, 
when  the  fums  of  the  produfts  on  each  fide,  afifing 
from  the^  multiplication  of  each  body  into  its  re- 
fpcdlive  diftance  from  the  fulcrum,  are  equal. 

7.  If 
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7.  If  a  bodjr  equal  to  the  fum  or  any  two  bodies 
be  placed  in  their  centre  of  gravity,  and  the  fame 
quantities  of  motion  in  the  fame  directions  be  com- 
municated to  it,  which  are  communicated  to  the 
two  bodies,  this  body  will  move  in  the  fame  line, 
which  the  centre  of  gravity  of  the  two  bodies  de- 
fcribes,  and  with  the  fame  velocity* 

Fig.  7.  Suppofe  the  momentum  communicated  to  Ay  would 
caufe  it  to  move  from  A  to  at,  in  a  given  time  \  at  x  let 
the  body  be  flopped ;  join  AB^  and  xB  \  let  E  be  the 
common  centre  of  gravity  ol  A  and  B^  draw  -E/^  parallel 
to  Ax  -,  and,  by  the  motion  of  A^  the  centre  will  have  de- 
fcribed  the  line  EF.  And  if  jB  be  a  body  equal  to  -rf+J?; 
and  the  fame  momentum  be  communicated  to  it,  that  was 
before  communicated  to  Ay  and  in  the  fame  direftion,  that 
is,  in  the  direftion  EF^  fince  die  quantities  of  motion 
communicated  to  A  ^nd  E  are  equal,  their  velocities  will 
be  reciprocally  proportional  to  their  quantities  of  matter,  or 
E%  velocity :  yf  s  velocity  \xA\  A-^B  : :  EF :  Ax ;  there- 
fore EF  and  Ax  are  the  fpaces  defcribed  by  E  and  A  in 
equal  times,  or  EF  will  be  the  fpace  defcribed  by  E  in 
the  given  time.  In  the  fame  manner,  if  the  monientum 
communicated  to  jB,  would  caufe  it  to  move  from  B  to  y 
in  the  fame  given  time  as  before,  then  will  the  body  E, 
in  the  centre  of  gravity,  in,  that  ti^ne,  defcribe  the  line 
EGf  parallel  to  By,  If  now  the  momenta,  inftead  of  be- 
ing communicated  feparately,  be  communicated  at  the  fame 
inftant,  to  the  bodies,  at  the  end  of  the  given  time  they 
will  be  found  at  x  and^;  and  E  equal  to  the  fum  of  the 

L  bodies 
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bodies  m  the  common  centre  of  gravity,  will  have  defcTib- 
ed  the  diagonal  of  the  parallelogram,  whofe  conterminous 
fides  are  EF^  EG. 

Hence  equal  and  contrary  motions  communicated  to  any 
fyftem  of  bodies  will  have  no  eflFeft  upon  their  centre  of 
gravity.  For  the  fame  reafon,  the  motion  of  the  centre 
of  gravity  of  any  number  of  bodies  is  not  difturbed  by 
their  coUifions. 

Hence  alfo,  the  centre  of  gravity  of  a  fyftem  of  bodies 
will  not  be  difturbed  by  their  mutual  attractions,  as  the 
motions  thus  communicated  are  always  equal  and  oppofite. 
Hence  alfo  the  centre  of  gravity  of  the  folar  fyftem  is  either 
at  reft,  or  moves  on  uniformly  in  a  right  line. 

S.  If  two  bodies  move  uniformly  in  two  right 
lines,  their  common  centre  of  gravity  will  either  be 
at  reft,  or  move  uniformly  in  a  right  line. 
This  follows  direftly  from  the  laft  article. 
9.  If  one  body  be  at  reft,  and  another  defcribc 
any  curve,  the  centre  of  gravity  will  defcribe  a  fimi- 
lar  curve. 

to-  If  one  body  be  mgved  in  any  direftion,  the 
others  continuing  at  reft,  the  correfponding  mo- 
tion of  the  comnion  centre  of  gravity,  eftimated 
in  any  given  direftion,  will  be  to  the  motion  of  the 
.  aforefaid  body,  eftimated  in  the  ftme  diredion,  as 
the  weight  of  the  body  moved  is  to  the  weight  of 
the  ^^ hole  fyftem. 

1 1 .  The  particles  of  a  fyftem,  which  are  aded  on 

only 
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only  by  their  mutual  attraftions,  will  meet  in  their 
common'centre  of  gravity. 

For  they  muft  meet,  and  the  common  centre  of  gravity 
remains  at  reft. 

12.  The  perpendicular  difta^ce  of  the  centre  of 
gravity  of  any  number  of  bodies  from  a  given  plane, 
is  not  change^  by  the  motion  of  the  bpdies  in  planes 
parallel  to  that  given  plane^ 

13.  The  fum  of  the  produfts  of  any  number  of 
bodies  multiplied  into  their  perpendicular  diftances 
from  any  propofed  plane  is  equal  to  the  produft  of 
the  fum  of  the  bodies  multiplied  into  the  perpen- 
dicular diftaujce  of  their  common  centre  of  gravity 
from  that  plane. 

Hence,  if  the  fum  of  tl^c  produf^s  of  al}  the  bodies  into 
jtheir  refpcfltive  diftances  from  any  propofed  plane  be  divided 
by  the  fum  of  all  the  bodies,  the  quotient  will  be  the  dif- 
tance  of  the  centre  of  gravity  from  the  propofed  plane  j 
and  thus  may  the  pofition  of  the  centre  of  gravity  be  de« 
^ermined  by  calcula^on. 


Lz  LECTURE 
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LECTURE    X([. 


I.  If  abeam  be  fo  conftru^fled,  that  the  line  join- 
ing the  centre  of  gravity  and  the  fulcrum  Ihall  be 
perpendicular  to  any  given  line  in  the  beam,  the 
beam  hanging  freely  on  its  fulcrum,  will  reft  only 
when  that  given  line  is  horizontal. 

Upon  this  principle  is  conftrufted  the  balance,  which  is 
a  lever  with  equal  arms,  and  whofe  fulcrum  or  centre  of 
motion  is  fituated  immediately  above  the  centrfe  of  gravity 
of  the  beam,  when  horizontal.  Its  ufe  is  to  compare  the 
weights  of  bodies  with  each  other. 

2.  The  axis  of  motion  of  the  balance  fliould  be 
above  the  centre  of  gravity  of  the  beam. 

The  horizontal  pofition  of  the  beam  when  loaded.  In 
the  comparing  of  weights,  is  determined  by  an  index  paff* 
ing  through  the  centres  of  gravity  and  motion,  and  per- 
pendicular to  the  axis  of  the  beam. 

^  When 
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3.  When  the  balahce  unloaded  is  quiefccnt,  and 
therefore  horizontal,  if  the  index  which  paffes 
through  the  fulcrum  be  direfted  to  any  fixed  point, 
and  again,  when  the  balance  is  reverfed,  it  be  di- 
refted  to  the  fame  fixed  point,  it  is  in  the  right 
line  which  joins  the  centre  of  gravity  and  the  ful- 
crum. 

By  this  means  the  pofition  of  the  index  is  adjufted, 

4.  The  perpendicular  diftances  of  the  points  of 
application  of  the  weights  to  be  compared,  from 
the  right  line  which  joins  the  centres  of  gravity  and 
motion,  (hould  be  equal,  that  is,  the  arms  of  the 
balance  ought  to  be  equal. 

5.  The  points  of  application  from  which  the 
weights  are  fufpended,  (hould  be  in  the  fame  right 
line  perpendicular  to  the  line  joining  the  centres  of 
gravity  and  motion, 

6.  The  nearer  the  right  line  joining  the  points  of 
application  is  to  the  centre  of  motion,  a  given  dif- 
ference of  weight  will  produce  larger  vibrations  qf 
the  balance,  and  a  more  fenfible  effedt. 

7.  If  the  centre  of  motion  be  fituated  below  the 
line  joining  the  points  of  application,  the  beafti, 
when  loaded  with  equal  weights,  will  overfet,  reft 
in  any  pofition,  or  equilibrate  according  to  the 
weight. 

8.  When 
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8.  When  two  given  weights,  fufpendcd  from  the 
arms  of  a  balance,  are  in  eqyilibrium,  if  thefe 
weights,  when  transferred  to  the  oppofite  fcales,  be 
dill  in  equilibrium^  the  arm$  of  the  balance  arp 
equal  .r 

9.  The  various  adjuftmcnts  of  the  balance  are 
thefe  :  1^.  Equal  weights  are  readily  found,  what- 
ever be  the  ftate  of  the  balance ;  for  if  they  re- 
duce the  beam  to  the  fame  pofition,  when  fuccefs- 
ively  applied  to  the  fame  arm,  they  muft  be  equal : 
ihen  if  thefe  equal  weights  tranfpofed  do  not  diC- 
turb  the  pofitioa  of  the  beam,  the  arms  are  equal. 
2^y.  If  unequal  weights  tranfpofed' produce  equal 
defleftions  of  the  beam,  the  points  pffufpenlion  are 
in  the  fame  right  line,  perpendicular  to  that  which 
joins  the  centres  of  gravity  and  motion ;  and  there- 
fore the  line  joining  thefe  points  will  be  horizontal, 
when  the  beam  bangs  freely.  3^'y.  Let  the  index 
be  direded  to  any  fixed  point,  then  the  beam  being 
reverfed,  if  it  ftill  pafs  through  the  fame  point,  the 
the  index  is  perpendicular  to  the  axis  of  the  beam. 

Weights  are  m^ide  by  the  fubdivifion  of  a  ftandard  weight: 
thefe  ftandard  weights  are  the  pound  Troy,  and  the  pound 
Ayoi^rdupois,  which  ^re  different,  and  differently  fubdivided. 

TROT 


Digitized  by  VjOOQ IC 


L.    I2«  MECHANICS.  J^ 

TitOT    WEIGHT. 
As  ofed  by  Apothecaries.  As  ufed  by  Goldfmiths^ 

Grains.      Scruples.  Grains.    Pennyweight, 

lo  =:      x3  a4  =      X  dwt. 

Drams.  Ounces. 

^  =      3  =    13  4B0  =    ao  zz    loz. 

Ounces.  Pounds* 

480  =    i4  ==    S  =;  I  J  57^a  =:  140  =  i»  =  lib. 

Pounds. 
5760  =  188  =  96  =  la  =  lib. 

AVOIRDUPOIS     WEIGHT. 

Drams.    Ounce. 
16    =     I 

Pound. 
%56    =  16  =  I 

The  Avoirdupois  pound  contains  7004  grains  Troyj 
"whence  it  exceeds  the  Troy  pound  nearly  in  the  ratio  of 
107  to  88  5  but  as  it  is  divided  into  j6  ounces,  whereas  the 
Troy  pound  is  divided  only  into  1 2,  the  Troy  ounce  ex- 
ceeds the  Avoirdupois  ounce  nearly  in  the  ratio  of  80  to  73, 
the  former  containing  480  grains,  and  the  latter  437,  75. 
The  Avoirdupois  weight  is  ufed  in  weighing  grofs  fubftan- 
ces  5  Troy  weight  is  ufed  for  philofophical  purpofes.  If 
the  ftandard  weight  be  continually  halved,  it  will  produce 
the  common  pile,  which  is  the  fmalleft  number  for  weigh- 
ing between  its  extremes,  without  placing  any  weight  in 
the  fcale  with  the  body  under  confideration.  Mathemati^ 
cians  have  computed  the  leaft  poffible  number  of  weights 
with  which  the  weight  of  any  fubflance,  within  given 
limits,  may  be  eftimated  j  but  this  determination  is  of  little 
ufe,  becaufe  with  fo  fmall  a  nimiber,  it  muft  often  happen^ 
that  the  fcalcs  will  be  loaded  with  weights  on  each  fidcy 

whofc 
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whofc  difFerencc  only  is  to  be  afcertalned.  Wc  are  not 
therefore  to  look  for  the  leaft  poflible  number  of  weights^ 
by  which  the  weighing  of  bodies  may  be  effe£led,  but  that 
number  and  arrangement  by  which  it  can  be  done  with  the 
greateft  facility.  Now  as  philofophical  computations,  arc 
chiefly  made  in  decimal  fraftions,  it  is  moft  convenient  to 
arrange  weights  in  that  progreffion  j  of  which  there  Ihould 
be  two  fets,  one  of  ounces,  the  other  of  grains^  in  the  fol- 
lowing orders.     See  Atwood's  Analyfis. 


10.  When  the  equiponderating  arms  of  a  balance 
are  of  unequal  lengths,  if  two  fufpended  weights  be 
in  equilibrium,  when  thefe  weights  are  tranfpofed, 
the  equilibrium  will  be  deftroyed. 

This  is  called  a  falfe  balance,  as  not  giving  the  trii^e 
weight.  But  the  true  weight  will  be  a  geometrical  mean 
between  the  two  falfe  weights.  If  the  arms  be  very  ne?trljr 
equal,  the  true  weight  will  be  expeditioufly  found,  with  fu^ 

ficieot 
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ficient  accuracy,  by  taking  an  arithmetical  mean  between 
the  two  falfe  weights. 

1 1 .  If  different  weights  fucceffively  fufpended  at 
the  fame  diftance  from  the  fulcrum  of  a  ftraight 
lever,  be  counterpoifed  by  the  fame  weight  at  dif- 
ferent diftances  from  it,  thefe  weights  will  be  to 
each  other,  as  the  diftances  of  the  invariable 
weight  from  the  fulcrum. 

On  this  principle  is  conftrufted  the  Statera  Romana,  or 
Steel-yard.  This  inftrument  is  very  convenient,  becaufe 
it  requires  but  one  weight,  is  eafily  carried^  and  the  prefr 
furc  on  the  fulcrum  is  lefs  than  in  fcales,  when  the  fub- 
ftance  to  be  weighed  is  heavier  than  the  conftant  weight. 
But, it  is  not  fo  exaft  as  fcales  in  determining  the  equality  of 
fmall  weighty  ^  ift.  Becaufe,  the  length  of  the  beam  being 
given,  the  arms  in  the  Statera  Romana  will  be  fhorter  than 
in  the  balance,  whenever  the  weight  is  equal  to  or  lefs  than 
the  confkant  weight,  a^ly.  The  balance  is  capable  of  nicer 
adjuftment.  3<Uy.  The  fiibdivifion  of  weights  can  be  ef- 
fe£l'ed  with  greater  precifion  than  the  fubdivifion  of  the  arm 
of  the  Statera  Romana.  /^f^^7.  The  prcffure  on  the  ful- 
crum is  greater  in  the  fteel-yard  than  in  fcales,  when  the 
conftant  weight  is  greater  than  that  of  the  fubftance  to  be 
weighed. 

p  2,  If  a  man  ftanding  ip  one  fcale  ^nd  counter- 
poifed by  a  weight  in  thp  other,  lay  his  hand  to  any 
part  of  the  beam,  and  prefs  it  upwards,  he  will 
thereby  deftroy  the  equilibrium,  and  caufe  the 
fcale  in  which  he  ftands  to  preponderate  :  and  the 
contrary  will  happen,  if  he  pull  it  downwards. 

M  LEG- 
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LECTURE    XIII. 


1 . 1  N  every  machine  whatfoever,  the  power  and 
weight  will  be  in  equilibrium,  when  they  are  to 
each  other  reciprocally  as  the  velocities,  with  which 
they  would  move,  if  they  were  fet  in  motion. 

2.  In  the  fixed  pulley  there  is  an  equilibrium, 
when  the  power  is  eqiiaUto  the  weight. 

3.  In  a  fingle  moveable  pulley  there  will  be  an 
equilibrium,  when  the  power  is  to  the  weight  as  one 
to  two. 

4.  If  the  fame  firing  go  round  two  fets  of  puUies 
in  two  blocks,  the  power  is  to  the  weight,  in  cafe 
of  equilibrium,  as  unity  to  the  number  of  ftrings  at 
the  lower  block. 

5.  In  a  fyftem  of  one  fixed  and  two  moveable 
pullies,   one   of  which   afccnds  as  the  other  de- 

fcends. 
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fcends,  where  a  firing,  attached  to  the  afcending 
puUey,  paffes  round  the  fixed  pulley  and  is  attached 
to  the  defcending  one,  and  another  ftring  attached 
to  the  fixed  pulley  pafles  round  both  the  moveable 
pullies,  the  power  is  to  the  weight,  in  cafe  of  equi* 
librium,  as  one  to  four. 

6*  In  a  fyftem  of  two  fixed  and  two  moveable 
pullies,  one  of  which  afcends  as  the  other  defcends, 
ivhere  a  firing  attached  to  the  afcending  pulley 
paffes  round  one  of  th^  fixed  pullies  and  is  attache^ 
to  the  defcending  one,  and  another  firing  attache4 
alfo  to  the  afcending  pulley,  paffes  round  the  other 
fixed  and  both  the  ipoveable  pullies,  the  power  i? 
to  the  weight,  in  cafe  of  equilibrium,  as  one  to  five. 

The  two  preceding  fyftems  are  called  Spaniih  Burtons. 

7.  In  a  fyftem  of  moveable  pullies,  in  which  a 
feparate  ftring  goes  round  each  pulley,  there  wi|l 
be  an  equilibrium,  when  the  power  is  to  the  weight, 
as  unity  to  ihat  power  of  two  of  which  the  inde:^  ia 
the  number  of  moveable  pullies[. 

8.  In  a  fyftem  of  moveable  pullies,  in  which 
the  ftring  that  goes  round  each  pulley  is  fixed  to 
the  weight,  there  will  be  an  equilibrium,  when 
the  power  is  to  the  weight,  as  unity  to  that  power 
of  two,  of  which  the  index  is  the  number  of  pullies, 
the  whole  being  diminiftied  by  unity. 

»Mz  LECTURE 
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LECTURE    XIV. 


%.  There  win  be  an  equilibrium  in  the  wheel 
and  axle,  when  the  power  is  to  the  weight,  as  the 
radius  of  the  axle  to  the  radius  of  the  wheel. 

When  the  rope  which  goes  round  the  axle  is  long,  re- 
gard muft  b(5  had  to  its  weight,  which  is  often  very  confi- 
derable,  as  in  deep  (hafts  in  mines  :  in  fuch  cafes  it  is  ge- 
nerally counterpoifed  by  a  heavy  chain,  which  is  faifed  up 
or  let  down,  according  as  the  rope  lengthens  or  fhortens, 
by  means  of  a  cord  wound  round  an  ade,  whofe  diame- 
ter is  to  that  of  the  axle  to  which  the  rope  is  attached,  29 
ihc  length  of  the  chain  to  the  length  of  the  rope. 

2.  If  the  diameter  of  the  wheel  increafe  ia  the 
fame  proportion  in  which  the  power  diminiQies,  the 
forcp  with  which  the  wheel  will  continue  to  be 
turned,  will  always  be  of  the  fame  magnitude. 
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This  principle  Is  ingenioufly  applied  in  the  a&ion  of  the 
main  fpring  'on  the  fuzee  of  watches ;  and  of  the  main 
fpring  on  the  tumbler  of  gun-locks. 

3.  In  a.  machine  confifting  of  feveral  wheels  fo 
conftrufted,  that  the  periphery  of  one  may  a(ft 
upon  the  axle  of  another,  there  will  be  an  equili- 
brium, when  the  power  is  to  the  weight  in  a  ratio 
compounded  of  the  ratios  of  the  diameters  and 
fynchronal  revolutions  of  the  laft  axle  and  firft 
wheel. 

The  number  of  fynchronal  revolutions  performed  by  a 
wheel  and  the  arbor  that  works  it,  is  found  by  dividing  the 
number  of  teeth  in  the  wheel  by  the  number  of  teeth  in 
the  pinion.     The  numbers  of  the  teeth  which  play  together 

Ihould  be  prime  to  each  other,  that  the  fame  teeth  may 

meet  as  feldom  as  poilible* 

4.  When  a  toothed  wheel  works  another,  the 
peripheries  of  both  wheels  move  with  the  fame 
velocity. 

5.  If  a  toothed  wheel  whofe  diameter  conti- 
nues always  parallel  to  itfelf,  be  moved  round  ano- 
ther, which  turns  on  a  fixed  centre,  the  number 
of  fynchronal  revolutions  of  the  revolving  and  cen- 
tral wheel  will  be  to  each  other,  as  the  femi-dia- 
meter  of  the  central  wheel  to  the  fum  of  the  femi- 
diameters  of  the  central  and  revolving  wheels. 

Fig.  8.  Let  the  toothed  wheel  jIEB  whofe  diameter  yiB 
keeps  always  parallel  to  itfelf,  be  moved  round  the  toothed 
wheel  DFG,  which  turns  on  the  fixed  centre  C}  it  is  evident, 

that 
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that  the  centre  K  of  the  travelling  wheel  defcribes  a  circle 
round  the  centre  C;  and  confequently,  fincc  the  diameter -rf5 
is  always  parallel  to  itfelf,  every  point  in  the  plane  of  the  cir- 
cle AEB  will  defcribe  equal  and  fimilar  figures^  that  is, 
every  tooth  of  the  travelling  wheel  will  defcribe  a  circle, 
whofe  radius  is  equal  to  KC.  But  a  tooth  of  the  central 
wheel  DFG  is  always  engaged  with  a  tooth  of  the  wheel 
ji£B,  and  confequently  they  move  equally  faft  j  therefore 
the  number  of  revolutions  performed  in  a  given  time,  will 
be  inverfely  as  the  femi-diameters  of  the  circles ;  that  is, 
while  jfEB  performs  one  revolution,  DFG  will  perform 
a  number  of  revolutions  which  is  to  unity,  as  KC  to  EC. 

When  the  radius  of  the  travelling  wheel  vaniihes,  that 
wheel  becomes  a  crank,  and  the  number  of  fynchronal  re- 
volutions of  the  crank  and  wheel  equal. 


LECTURE 
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^LECTURE    XV, 


I.  When  a  refilling  body,  is  fuftained  agamft 
the  face  of  a  wedge,  by  a  force  afting  at  right  an- 
gles to  its  direftion,  the  power  is  to  the  refiftance, 
in  cafe  of  equilibrium,  as  the  fine  of  the  femi- 
angle  of  the  wedge  to  the  fine  of  the  angle  which  the 
direftion  of  the  refiftance  makes  with  the  face  of 
the  wedge ;  and  the  fuftaining  force  will  be  as  the 
cofine  of  the  latter  angle. 

Fig.  9.  Let  ABC  be  a  reftangular  wedge,  whofe  an- 
gular point  is  C,  face  BC,  and  back  AB.  Let  this  wedge 
Aide  freely  along  the  plane  LN'^  let  a  body  E  be  drawn 
or  urged  in  the  diredion  KE  againft  the  face  of  .the 
wedge,  and  let  it  be  kept  iit  that  dire£tion  by  a  force 
afting  in  the  dircftion  DE,  at  right  angles  to  KE.  There 
are  now  three  forces  afting  on  the  body  E,  viz.  the 
refifting  force  jKE,  the  fiiftaining  force  DE,  and  the  re- 
aflion  of  the  wedge  in  the  direftion  AE,  perpendicu- 
lar 
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lar  to  the  furfacc  BC.  On  ED  let  fall  the  perpcndicukr 
JGi  and  Gncc  the  three  forces  are  in  equilibrium,  they 
will  be  to  each  other  as  the  fides  of  the  triangle  JEG, 
drawn  parallel  to  their  direftions.  Draw  EF  perpendicu- 
lar to  AC,  and  the  force  jiE  will  be  rcfolvcd  into  two  ; 
one  EF  preffing  the  wedge  perpendicularly  againft  the 
plane  LN,  which  is  balanced  by  the  reaftion  of  the 
plane  ^  the  other  Fji,  which  endeavours  to  move  the 
wedge  upwards  along  the  plane  LN,  and  which  is  balan;- 
ced  by  the  power  on  the  back  of  the  wedge.  If  therefore 
jiG  reprefent  the  force  KE,  EG  will  be  the  fuftaining 
force,  and  jiF  the  power  applied  on  the  back  of  the  wedge^ 
when  thefe  forces  balance  each  other.  And  m;iking  AB 
radius,  jiF  is  the  fine  of  the  angle  jiEF  or  ACB^^  and 
AG  is  the  fine  of  the  angle  AEG  or  KEC^  thefe  twp  an- 
gles being  the  complements  of  AEK  to  a  ti^t  angle. 

If  the  wedge  be  in  forn^  of  an  Ifofceles  triangle,  com- 
pofed  of  two  reftangular  wedges,  the  force  EF  which  in 
the  former  cafe  was  counterafted  by  the  plane,  will  now 
be  counteracted  by  the  other  half  of  the  wedge;  and  the 
power,  refiilance,  and  fuftaining  force  will  remain  in  the 
fame  ratio  as  before. 

When  EK  is  parallel  to  BA,  AG  becomes  equal  and  pa- 
rallel to  EF\  and  EG  equal  and  parallel  to  AF\  and  the 
power  is  to  the  refiftance  as  AF  to  £-F,  or  AB  to  AC^ 
and  equal  to  the  fuftaining  force. 

If  EK  be  perpendicular  to  AB  the  back  of  the  wedge, 
the  dirediion  of  the  refifting  force  will  be  parallel  to  AB*^ 
therefore  this,  in  faft,  is  the  fame  cafe  with  the  former, 
the  refifting  and  fuftaining  forces  changing  denominations. 

When 
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When  KEU  perpendicular  to  BC,  the  fine  of  the  angle 
JKEC 16  radius  j  and  its  cofine,  vhich  reprefents  the  fuf- 
taining  force,  vaniihes  •,  therefore  the  power  is  to  the  re- 
fiftancc,  as  the  fine  of  the  fetnianglc  of  the  wedge  to  radius. 
Set  Ludlam  on  the  Wedge* 

2.  When  the  refiftance  is  made  againft  the  fkcp 
of  a  wedge  by  a  body  which  is  not  fuftained,  but 
will  adhere  to  the  place  to  which  it  is  applied  withp 
out  iliding,  the  powe^  is  to  the  refiftance^  in  cafe 
of  equilibrium,  as  the  cofinc  of  the  difference  be- 
tween the  femiaiigle  of  the  wedge  and  the  angle, 
which  ^he  dixedioa  of  the  rc&&sLtKC  make3  with 
the  face  of  the  wedge,  to  radius. 

Fig.  10.  From  aay  point  iT  draw  the  Iiae  KS  trough  dn^ 
middle  poiot  gf  the  back,  meeting  the  face  of  the  wedge  in 
£\  let  jE  be  the  unfli^ing  body,  which  a£hs  in  the  diredioxf 
jEKy'  and  let  the  magnitude  of  the  force  with  which  it  i^ 
urged,  be  reprefcntcd  by  AE ;  from  E  let  fall  the  perpendi^ 
fular  EF  upoi\/^C;  and  the  force  AE  will  be  refolve4 
into  two,  one  of  which  £F  wiJl  be  balanoed  by  the  opr 
pofite  half  of  the  wedge,  and  (he  other  AF  will  be  coun- 
teraded  by  the  power ;  therefore  tixc  power  is  to  the  refifc 
liance  as  AF  to  AE4  tbat  is,  maldng  AE  radius,  as  tha 
i:ofiae  of  the  angle  £JFi»  radius. 

When  KE  is  perpendicular  tp  JJC,  the  power  is  to  the 
refiftance  as  JF  to  AE,  that  is,  as  the  fine  of  the  femi^ 
imglc  of  the  wedge  to  radius. 

When  ££  k  parallel  to  JB,  AF  yamjQbes,  that  ia»  the 
ppwef  is  indefinitely  lefs  than  the  weight, 

N  When 
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When  KE  is  perpendicular  to  jiB,  EF  vaniflics,  and 
AF  and  AE,  that  is,  the  power  and  rcfiftance  become 
equal. 

3,  When  the  refifting  body  is  neither  fuftained^ 
nor  adheres  to  the  point  to  which  it  is  applied,  but 
Aides  freely  along  the  face  of  the  wedge,  the  power 
is  to  the  refiftance,  as  the  produft  of  the  fines  of 
the  femiangle  of  the  wedge  and  the  angle  in  which 
the  refiftance  is  inclined  to  its  face,  to  the  fquarc 
of  radius. 

Fig.ii.  Let^JSbeperpendiculartOjBC,andletthebodyi? 
be  urged  againft  the  face  of  the  wedge  in  the  dircftion  KE ; 
and  let  KE  reprefent  the  magnitude  as  well  as  the  dire^Hon 
of  £hat  force.  On  AE  produced  let  fall  the  perpendicular 
kOy  which  will  be  parallel  to  BC\  thus  will  the  force  KE 
be  rcfolved  into  two,  one  of  which  KO  will  carry  the  body 
down  along  the  face  of  the  wedge,  and  the  other  OR  will 
urge  it  perpendicularly  againfl:  it.  Now  the  pqwer,  in  cafe 
of  equilibrium,  is  to  OE^  that  part  of  the  refiilance  which 
a£ls  perpendicularly  againft  the  face  of  the  wedge,  as  the 
fine  of  the  angle  ACS  to  radius ;  and  OE  is  to  the  whole 
refiftance,  as  OE  to  KE\  that  is,  making  JT^S  radius,  as 
tlie  fine  of  the  angle  OKE^  or  its  alternate  KEB,  to  ra« 
dius.  Therefore  ex  aquo  &  componendo^  the  power  is  to  the 
refiftance,  as  fine  ACB  x  fine  KEB  to  0ie  fquare  of  ra-* 
dius. 

When  KE  is  perpendicular  to  BC,  the  fine  of  the  angle 
in  which  the  refiftance  is  applied,  is  radius ;  therefore  the 

powet 
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ponver  is  to  the  refiftance  as  fine  jfCB  X  radius  to  fq.  radius^ 
that  is^  as  the  fine  of  the  femiangle  of  the  wedge  to  ra- 
dius. 

When  KE  is  parallel  to  jfB,  the  angle  of  inclination  is 
the  complement  of  the  femiangle  of  the  wedge;  and 
therefore  the  power  is  to  the  refiftance,  as  the  produdl  of 
the  fine  and  cpfine  of  the  femiangle  of  the  wedge  to  the 
fquare  of  radius. 

When  KE  is  perpendicular  to  jiB,  the  angle  of  inclination 
is  equal  to  the  femiangle  of  the  wedge^  and  the  power  is  to 
the  refiftance  in  a  duplicate  ratio  of  the  fine  of  the  femi- 
angle of  the  wedge  to  radius.  - 

The  theory  of  the  equilibrium  of  the  wedge  is  not  of 
very  great  ufe  in  pra£lical  mechanics^  becaufe  the  wedge 
is  fcarcely  ever  otherwife  urged  than  by  percuflion.  In 
cleaving  of  wood,  the  refiftance  oppofing  the  force  of  the 
mallet  (fuppofing  the  fides  of  the  wedge  perfe£ily  polifhed^ 
and  its  edge  a  mathematical  line)  is  the  cohefion  of  the 
particles  of  the  wood  to  be  feparated;  and  this  cohefion 
being  a  fpecies  of  preifive  force^  a£ling.  againft  the  fides  of 
the  wedge,  it  is  abfurd  to  attempt  to  compare  it  with  the 
pcrcuffive  force  of  the  mallet  For  the  momentum  or  per- 
cuiFive  force  of  atiy  body  being  as  its  quantity  of  matter 
multiplied  into  its  velocity,  it  will  be  to  its  preflive  force, 
as  that  velocity  to  nothing,  that  is,  will  be  indefinitely 
greater,  and  therefore  the  lead  percuflive  force  will  over^ 
come  the  greateft  preflive  force ;  confequently  there  never 
can  be  an  equilibrium  between  them.  But  though  how 
great  foevcr  the  preflive  force,  and  how  imall  foever  the 
N  a  '  percuflive 
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pfefCuiEve  fdrce^  the  body  will  neceflarily  be  moved^  by  the 
latter,  at  leaft  for  foittc  ibort  time ;  yet  after  the  ftroke  is 
given,  the  preflive  force  may  quickly  prevail^  and  urge 
back  the  body,  which  the  other  force  had  drireit  forward. 
And  this  would  frequently  happen  in  the  cleaving  of  wood^ 
if  the  fides  of  the  wedge  were  pcrfedMy  fmooth.  For  the 
weight  of  the  wedge,  and  the  cohefive  force  of  the  par- 
ticles of  the  wood,  being  homogeneous  forces,,  may  be  in 
equilibrium;  and  if  the  weight  of  the  wedge  were  not 
equivalent  to  that  cohefive  force,  it  wodd  prefently  be 
forced  back  from  the  {dace  to  which  the  impulfe  of  the 
mallet  had  driven  it.  It  is  chiefly  the  roughnefs  of  the 
fides  of  the  wedge,  and  of  the  furface  of  the  wood,  in  con- 
taft  with  them,  that  prevents  the  wedge  from  receding : 
it  is  that  roughnefs  too,  and  the  bluntnefs  of  the  edge, 
which  fometimcs  prevent  the  wedge  from  being  moved  bf 
the  ftroke  of  the  mallet  See  Landen  on  the  Mechanic 
Powers* 
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LECTURE    XVI. 


I  •  If  a  body  adl  upon  a  perfe6Uy  hard  and  fmooth 
plane,  the  effeft  produced  upon  the  plane  is  in  a 
direftion  perpendicular  to  its  furface. 

Hence  the  rea^iion  of  the  plane  is  alfo  in  a  clire£ticm  per- 
pendicular to  its  furface. 

2.  If  a  weight  be  fuftained  upon  an  inclined 
plane  by  a  power  whofe  direftion  makes  an  angle 
with  the  plane,  the  power  will  be  to  the  weight,  as 
the  fine  of  the  plane's  elevation,  to  the  cofineof  the 
angle  which  the  direction  of  the  power  makes  with 
the  plane. 

Fig.  12.  Let  the  weight  A  be  fuftained  on  the  inclined 
plane  CD,  by  a  force  ading  in  the  dire£iion  jiF,  and  let 
EA  be  perpendicular  to  CD ;  there  are  now  three  forces 
afting  on  the  body  A,  in  the  dire&ion  of  the  fides  of  the 
triangle  AEF,  viz.  the  reason  of  the  plane  in  the  direc- 
tion 


Digitized  by  VjOOQ IC 


54  MJSCHANICS.  L.    l6^ 

tion  £ji,  the  weight  in  the  dire£l;ion  FE  perpendicular 
to  the  horizonj  and  the  fuftaining  force,  in  the  dire£lion 
jiF*  Therefore,  in  cafe  of  equilibrium,  the  fuftaining 
force  is  to  the  weight  as  jiF  to  FE, 

3.  If  the  diredtion  of  the  power  be  parallel  to 
the  plane,  the  power  will  be  to  the  weight,  as  the 
height  of  the  plane  to  the  length. 

For  in  this  czitAF  coincides  with  AC^  and  FE  with  CE. 

4.  If  the  direftion  of  the  power  be  parallel  to 
the  bafe,  the  power  will  be  to  the  weight,  as  the 
height  of  the  plane  to  the  bafe. 

For  in  this  cafe  AF  coincides  with  AH^  and  FE  with 
HE. 


LECTURE 
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LECTURE    XVJL 


1 .  1  HERE  ytrill  be  an  equilibrium  in  the  fcrew, 
when  the  power  is  to  the  refiftance,  as  the  interval 
between  two  contiguous  threads,  in  a  direAion 
parallel  to  the  axis,  to  the  circumference  defcribed 
by  the  power. 

All  the  fimple  mechanic  engines,  except  the  fcrew,  can 
be  made  to  aft  upon  each  other,  without  the  intervention 
of  any  other  machine  of  a  difierent  fpecies.  But  in  com- 
poGtion  with  other  engines  of  difierent  kinds^  the  fcrew  may 
be  applied  with  great  effi(:acy. 

a  In  a  machine  compounded  of  any  number  of 
mechanic  engines,  the  power  is  to  the  weight  in 
a  ratio  compounded  of  the  ratios  of  the  power  to 
the  weight  in  each. 

In  the  theory  of  mechanics  we  fuppofe  all  planes  perfedl- 
Jy  fmooth,  levers  to  have  no  weight,  cords  to  be  perfe£Uy 

pUableji 
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pliable,  and  all  furfaces  in  contaft  to  have  no  fri£tion ;  the 
allowance  to  be  made  for  the  difierence  between  theory  and 
pra^ice  muft  be  determined  by  experiment. 

3.  If  a  heavy  wheel  be  fo  attached  to  a  machine 
as  to  acquire  a  revolution  on  its  axis  during  the  mo- 
tion of  the  engine,  it  will  render  the  motion  more 
cafy  and  regular. 

Becaufe  the  periphery  of  the  wheel  being  of  confiderable 
weight,  when  by  the  continued  aAion  of  the  power  it  has 
been  fet  in  motion,  its  momentum  becomes  very  confider- 
able i  and  by  its  inertia  it  endeavours  to  preferve  that  mo- 
tion $  confequently  fmall  variations  in  the  intenfity  of  the 
moving  power,  or  in  the  refiftance,  will  produce  no  feafible 
variation  in  the  motion  of  the  loaded  wheel ;  neither  of 
confequence  in  the  motion  of  the  engine  to  which  it  is  at- 
tached. 

4*  No  force  ading  upon  the  parts  of  a  machine 
and  upon  them  only  can  give  the  whole  a  progrcf- 
five  motion, 

5.  Machines  never  Icfleh  the  whole  force  necef- 
fary  to  perform  any  work,  but  are  ufed  either  to 
diminifti  the  force  applied  at  once,  by  lengthening 
the  time;  ortofhorten  the  time,  by  increafing  the 
force  applied  at  once. 


LECTURE 
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LECTURE    XVIII. 


!•  If  a  body  move  uniformly,  the  fpace  defcribed 
may  be  rcprcfented  by  the  area  of  a  right-angled 
parallelogram,  one  of  whofe*  fides  reprefents  the 
time  of  the  body's  motion,  and  the  other  its  ve- 
locity. 

In  computations  relating  to  forces,  motions,  times,  velo- 
cities, or  fpaces  defcribed,  we  generally  conGder  only  the 
proportions  of  thofe  quantities  to  each  other,  and  not  the 
abfolute  quantities ;  in  fuch  cafes  our  computations  arc 
much  facilitated  by  fubftituting  mathematical  quantities 
inftead  of  phyGcal,  provided  they  have  the  fame  proportions 
to  each  other ;  and  then  we  may  transfer  our  reafoning  on 
the  mutual  proportion  of  the  exponents,  to  the  mutual 
proportion  of  the  phyfical  quantities  which  they  reprefent. 
Thus  in  uniform  motions,  the  magnitude  of  the  fpaces  de-. 
fcribed  depends  on  the  velocities  with  which  the  bodies 
jnpve,  and  pn  the  ^mes  pf  their  motion,  in  the  very  fame 

O  manner 
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manner  that  rc£Sanglc8  depend  on  their  bafcs  and  altitudes  j 
and  hence,  in  our  cafculations  refpcfting  uniform  motions, 
we  may  exprcfs  the  fpaces  defcribcd  by  redangles,  whofe 
bafcs  and  altitudes  have  the  fame  proportion  to  each  other 
with  the  times  and  velocities. 

2.  Any  force  ading  continually  on  a  body  in  the 
fame  direftion  will  produce  a  continual  accelerationr 
or  retardation  of  its  oiof  ion. 

3.  If  the  accelcrative  force  be  conftant,  the  velo-^ 
city  generated  or  deftroyed  will  be  dircftly  as  the 
time ;  or  the  motion  will  be  uniformly  accelerated 
or  retarded. 

4.  In  uniformly  accelerated  or  retarded  motiobs, 
the  fpaces  defcribed  may.  be  reprefented  by  fimi- 
lar  right-angled  triangle^,  whofe  bafes  cxprefs  the 
times,  and  altitudes  the  laft  acquired  or  initial  ve- 
locities. 

5.  The  fpaces  defcribed  by  bodieis  uniforilily  ac- 
celerated iiT  different  times,  are  as  the  fquaresl  of 
the  times,  or  of  the  laft  acquired  velocities. 

Hence,  fince  a  body,  by  the  force  of  gravity,  defcribes  193 
inches  in  i",  if  T  be  the  time  of  a  body's  fall  through  any 
Ipace  S,  we  have  i^iT^ll  193:5=1937'*,-  in  inchesj  anct 

T  =    /_S  ,  in  feconds. 

6.  If  a  body,  projeftcd  with  different  initial  velo- 
cities, be  retarded  by  any  given  conftant  force  until 
thofe  velocities  be  deftroyed,  the  fpaces  which  the 

body 
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body  defcribes,  will  be  as  the  fquares  of  the  initial 
velocities. 

7.  When  bodies  are  impelled  by  any  accelerating 
force  through  different  fpaces,  if  thofe  fpaces  be  as 
the  fquares  of  the  laft  acquired  velocities,  the  force 
of  acceleration  is  conftant. 

8.  When  a.  body,  prqjefted  with  different  ve- 
locities, is  retarded  by  any  force  until  the  velocity 
be  deftroyed,  if  the  whole  fpaces  be  always  as  the 
fquares  of  the  initial  velocities,  the  retarding  force 
is  conftant. 

Hence,  fince  the  depth  to  which  muf^jiet  or  cannon  ballf 
of  a  given  diameter  and  weight,  penetrate  into  planks  of 
wood  or  banks  of  earth,  are  in  a  duplicate  ratio  of  the 
initial  velocities,  the  force  by  which  the  wood  and  earth 
refift,  is  conftant. 

9.  The  fpacps  defcribed  by  bodies  uniformly  ac- 
celerated from  reft,  in  the  feparate  moments  of 
time,  are  as  the  odd  numbers,  i,  3, 5,  7,  &c. 

10.  The  fpace  defcribed  by  a  body  uniformly 
accelerated  is  half  the  fpace  it  would  defcribe,  in  the 
fame  time,  with  the  laft  acquired  velocity  continuecl 
Tuniform. 

Hence  we  derive  an  eafy  formula  fpr  determining  ihfi 

velocity  F  acquired  by  a  body  falling  from  reft,  by  the  con- 

X  ftant  a£lion  of  gravity,  through'any  fpace  S;  let  a  be  the 

velocity  acquired  in  a  fecond  by  a  body  falling  through  the 

fpace  g,  then  azz2g,  and  F:  2g::  ^S:  ^/  g,  therefore 
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V=v/27S.  Alfo  S-  —  i  l>utS=:^rs  therefore  ^=gT«;. 

^  "■  «  Ag 

"whence  Vz=:2gT;  tfaus  fince  1^=193  inches,  when  ?==*% 

if  5rbe  the  time  in  feconds,  then  V=2Xi93Xr,  in  inches; 

V 

and  T=:  1 in  feconds. 

ax  193' 

1 1 .  If  moving  forces  communicate  the  fame  yc» 
locity  in  a  given  time  to  different  bodies,  they  will 
be  as  the  quantities  of  mattqr  in.  the  bodies  moved. 

Hence,  fince  all  bodies,  whatfoever  be  their  weights, 
defcend  near  the  earth's  furface  with  e^ual  velocities,  the 
air's  refiftance  being  removed,  the  force  of  gravity  exertedP 
on  bodies  is  proportional  to  their  quantities  of  matter. 

12.  The  fpaces  defcribed  f*rom  reft  are,  casteris 
paribus,  as  the  moving  forces. 

13.  If  a  body  fall  freely  by  the  aftion  of  any 
force  F,   compared  with   gravity  reprefented   by 

unity,  then  S=gFT^ -.P'^Jl^,  and  r=:-JL 


l^-  ... 

14.  If  the  force  f!^  be  variable,  it  may  be  fuppo- 
fed  conftant  during  an  indefinitely  little  time  ;  and 
if  S  be  the  indefinitely  little  fpace  defcribed  in 
that  time,  and  ^the  contemporaneous  variation  of 
the  velocity,  we  (hall  have  FF^xgFS. 

For,  by  the  laft  article  T*:  v«  : :  Ffii/r,  tjicrefore  V»=: 

J^SX-^  i  where  Vj/^s  and  F  are  conftant  quantities,  and 
/s  ' 

V  and  5  variable ;  then  taking  the  Icaft  contemporary  varia* 
tigns,  2  FFzzFSX-rr-'j  and  making /the  force  of  gravity 
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:^  I9  V  si2g9  and  confequcntlf  s  =^1  ve  hare    ^Fjt 

15.  The  fpaces  dcfcri|5cd  from  reft,  by  conftant 
forces^  are,  ceteris  paribus,  inyerfely  as  the  quanti- 
ties of  matter  moved. 

1 6.  In  general,  the  fpaces  defqribed  from  reft  are 
as  the  moving  forces  and  the  fquares  of  the  times^ 
direftly,  and  the  quantities  of  matter  nioyed  in- 
ycrfely. 

17.  ]f  it/ reprefcnt  the  ipoving  force,  ^ndj^the 

quajitity  of  matter  moved,  then  jF  =:  ^ ;  hence  S 

18.  If  the  moving  force  be  inverfely  as  the  fpace 
defcribed  from  reft,  the  quantity  of  matter  will  be 
inverfely  as  the  fquare  of  the  velocity. 

for  r»^=:  Jf«|  therefore  »f  ^f  •  -J>  thea  J^::^ 

19.  The  force  with  which  a  body  defcends  along 
an  inclined  plane,  is  to  the  fofce  of  gravity,  as  the 
height  of  the  plane  to  the  length. 

20.  If  two  bodies  defcend  from  the  highest  point  o^ 
,  an  inclined  plane  at  the  fame  inftant,  one  of  them 

will  fall  through  the  perpendicular  height,  while 
the  other  defcends  on  the  plane  to  the  interfedion 
of  a  perpendicular  drawn  from  the  pppofite  angle. 
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Fig.  13.  From  C  the  rigiit  angle  let  fali  the  perpendicular 
CI  upon  the  plane  BD ;  complete  the  parallelogram  ICBE, 
the  body  at  B  i$  zfked  on  by  two  forces,  its  gravity  and 
the  rea£iion  of  the  plane,  whofe  dire£tion  and  magnitude 
are  reprefented  By  the  lines  SC,  BE\  therefore  by  their 
joint  adlion,  it  will  defcribe  the  diagonal  BI  of  that  paral- 
lelogram, in  the  fame  time  that  it  would  dcfcribc  BC  by 
the  feparate  ad^ion  <rf  gravity. 

21.  ff  the  dianaeter  of  a  circle  be  perpendicular 
to  the  horizon,  and  chords  be  drawn  from  either 
extremity,  the  times  of  defcent  down  all  the  chords 
will  be  equal, 

22.  The  velocity  of  a  body  defcending  along  an 
inclined  plane  is  uniformly  accelerated. 

23.  The  velocity  acquired  in  defcending  along 
an  inclined  plane  is  equal  to  that  which  it  would 
acquire  in  falling  freely  through  the  altitude. 

24.  The  velocity  acquired  in  defciending  along 
ja  fyfteny  of  Jinclined  planes  is  equal  to  that  which 
would  be  acquired  in  falling  freely  through  the  alti- 
tude of  the  fyftem. 

25.  The  velocity  acquired  by  defcending  down 
Jhe  arch  of  any  curve  is  the  fame  with  that  which 
would  be  acquired  in  falling  through  its  altitude. 

26.  The  velocities  acquired  in  defcending  through 
different  arcs  of  the  lame  circle,  are  9s  the  chords 
of  the  arcs, 

27.  TJic 
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27.  The  time  of  a  body's  defcent  along  an  in- 
clined plane,  is  to  the  time  in  which  it  would  fall 
freely  through  the  altitude,  as  the  length  to  the 
height. 

28.  The  times  of  defcent  along  fimilar  inclined 
planes,  or  fyftems  of  inclined  planes,  are  as  the 
fquare  roots  of  the  lengths. 

29.  The  times  of  a  body's  defcent  along  fimilar 
arches,  fimilarly  fituated  with  refpeft  to  the  horizon, 
are  as  the  fquare  roots  of  the  arches. 
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LECTURE    XIX. 


I.  If  a  pendulum  vibrate  in  the  arc  of  a  circle, 
the  velocity  of  the  ball,  at  the  loweft  point,  will  be 
as  the  chord  of  the  arc,  which  it  defcribes  in  its  de- 
fcent. 

2.  The  force  which  accelerates  a  pendulum,  is  to 
the  force  of  gravity,  as  the  fine  of  its  angular  dif- 
tance  from  the  loweft  point  to  radius. 

3.  If  the  circular  arc  be  increafed,  the  time  of 
vibration  will  alfo  be  increafed. 

If  the  force  accelerating  the  pendulum  increafed  in  the 
feme  proportion  with  the  arch  to  be  defcribed,  the  ofcilla- 
tions  would  be  ifochronal ;  but  the  accelerating  force,  in 
reality,  increafes  as  the  right  fine  of  the  arch  \  and  the  fine 
of  an  arch  increafes  in  a  lefs  ratio  than  the  arch  itfelf ;  there- 
fore the  force  which  accelerates  a  pendulum  increafes  in  a 
left  ratio  than  it  ought  in  order  to  render  the  vibrations 

ifo<!hroDal 
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ifochfonal ;  and  of  confequence^  the  time  of  vibration  iu  ^ 
larger  arch  is  longer  than  in  a  lefs  arch. 

4.  The  times  of  vibration  in  very  fmall  circular 
arcs  arc  very  nearly  equal. 

5.  If  a  circle  roll  upon  a  right  line,  any  point 
of  its  periphery  will  defcribe  a  curve  called  a  cy- 
cloid. 

6.  If  a  circle.be  defcribed  upon  the  axis  of  a  cy- 
cloid»  and  an  ordinate  be  drawn  from  the  axis  paral- 
lel to  the  bafe,  the  part  of  the  ordinate  intercepted 
between  the  circle  and  the  cycloid  will  be  equal  to 
the  arc  of  the  circle  intercepted  between  the  vertex. 
and  the  point  where  the  ordinate  meets  it. 

7.  The  chord  of  the  above  mentioned  arc  of  the 
circle  is  parallel  to  a  tangent  to  the  cycloid  at  the 
point  where  the  ordinate  meets  it. 

8.  The  cycloidal  arc  intercepted  between  the  ver- 
tex and  the  point  where  the  ordinate  meets  it,  is 
double  of  the  chord  of  the  correfponding  circular 
arc. 

9.  If  two  equal  femicycloids  be  joined  at  their 
bafe,  and  have  their  vertex  downwards  and  axes 
vertical,  and  a  pendulum  equal  in  length  to  one 
of  them  be  fufpended  from  the  point  where  they 
touch,  and  vibrate  between  them,  it  will  defcribe  a 
cycloid. 

10.  If  a  pendulum  defcribe  an  arc  of  a  cycloid, 
its  velocity  at  any  point  varies  as  the  right  fine  of 

P  a  circular 
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a  circniaif  arc,  whofe  diameter  is  equal  to  the  arc  ef 
the  cycloid  defcribed,  and  verfed  fine  equal  to  the 
fpace  palled  over. 

11.  The  accelerating  force  of  a  pendultim  vi- 
brating in  a  cycloid  varies  a^  the  arc  of  its  diftance 
from  the  lowed  point. 

12.  The  time  in  which  a  pendulum  vibrates  ii> 
a  cycloid  is  to  the  time  in  which  a  body  would  de- 
fcettd  down  the  atis,  as  the  circumferenee  of  a  cir- 
cle to  its  diameter. 

ijf.  All  the  vibrations  in  the  fame  cycloid  are 
performed  in  the  fame  time. 

14.  Pendulums  of  the  fame  length  vibrate  ii> 
equal  arcs  in  the  fame  time,  whatever  be  their 
tveights. 

15.  The  time  of  an  ofcillation  in  an  indefinitely 
little  circular  arc,  is  to  the  time  in  which  a  body 
would  fall  through  half  the  length  of  the  pendu- 
lum, as  the  periphery  of  a  circle  to  its  diame- 
ter. 

r6.  The  time  of  defcent  down  an  indefinitely 
Jittle  arc,  is  to  the  time  of  defcent  along  its  chord 
as  3. 141 6  to  4,  or  as  the  periphery  of  a  circle  ta 
four  times  the  diameter. 

'  17;  The  time  of  vibration,  in  any  given  latitude, 
is  as  the  fquare  root  of  the  length  of  the  pendu- 
lum. 

Toy 
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For  the  time  of  vibradon  is  to  the  time  of  defcent  through 
half  the  length  of  the  penduUim  in  a  given  ratio. 

iB.  If  a  dock  keep  true  time  very  nearly,  the 
variation  in  the  length  of  the  pendulym  neceflary 
to  correft  the  error^  will  be  equal  to  twice  the  pro- 
duft  of  the  length  of  the  pendulum  and  the  error 
ia  time,  divided  by  the  time  of  obfervation. 

Let  T  denote  the  time  of  vibration,  L  the  length  of  the 

pendulum,  and  T  the  indefinitely  Httks  variation  of  time 

produced  by  L  the  indefiniteijr  little  variation  in  the  length 

of  the  pendulum;  then  *T^  :  T^^2TT+T^  :  :  L  :  L 

-j-  Z. ;  but  T^  is  ii^definitely  little  with  refpe£}:  to  T^  and 
^erefore  may  be  negle£^ed,  and  dividing  by  T,  we  have 

T:  2T  I  z  L  :  Zr=:? — ^—  -,  but  the  error  T  io  the  time 

_  _  # 

r,  is  to  the  error  t  in  the  time  of  obfervation  /,  as  Ttot*^ 

therefore  jL  =  a  i  x  — ,  nearly, 

19.  In  clocks  whofe  pendulum  rods  are  metal- 
lic, and  keep  true  time  very  nearly,  the  error  in  ^ 
given  time,  occafioned  by  any  given  change  of  tem- 
perature, will  be  the  fame. 

For  /  being  given,  /  :  :  _  .5  but  X',  the  variation  in  the 

JLtf 

length  of  a  metallic  bar,  by  the  variation  of  temperature,  is 
dire^ly  as  JL  its  length. 

20.  The  fpace  through  which  a  body  falls  in 
the  time  of  the  vibration  of  any  pendulum>  is  to 

Pa  half 
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half  the  length  of  the  pendulum,  in  the  duplicate 
ratio  of  the  periphery  of  a  circle  to  its  diameter. 

A  pendulum  vibrating  fcconds  is  found  to  be  39.1  Eng- 
liflv  inches  long ;  therefore  the  fpace  defcribed  by  a  falling 


body  in  a  fecond  is  =  39.1  X  3.14161*=  193,3  inches. 

2 

The  beft  method  of  afcertaining  the  length  of  a  pendu- 
lum is  that  which  was  firft  propofed  by  Mr.  Hatton,  and  af- 
terwards executed  by  Mr.  Whitehurft.  It  confifts  in  the  ap- 
plication of  a  moveable  point  of  fufpenfion  to  the  fame 
pendulum  ^  which  thus  gives  the  abfolute  tSeA  of  two  pen- 
dulums, the  difitrence  of  whofe  lengths  is  Icnown,  being  the 
interval  between  the  points  of  fufpenfion  in  the  two  cafes ; 
and  the  ratio  of  their  lengths  is  alfo  known  from  obferving 
the  number  of  vibration?  performed  in  a  given  time. 
Whence,  there  being  two  equations  and  two  unknown  quan^ 
titles,  the  a£^ual  lengths  of  the  pendulums  themielves  art 
cafily  deduced. 

21.  The  tiiTles  in  which  different  pendulums  vi- 
brate in  very  fmall  arches,  are  to  each  other  in  a 
ratio  compounded  of  the  fub-duplicate  ratio  of  the 
lengths  of  the  pendulums  direftly,  and  the  fub- 
duplicate  ratio  of  the  abfolute  forces  of  gravity  in- 
verfely. 

Hence,  if  the  times  be  given,  the  forces  of  gravity  arc 
direfUy  as  the  lengths  of  the  pendulums. 

22.  The  particles  of  matter  which  compofe  any 
Oody  revolving  on  an  axis,  refill,  by  their  inertia, 

the 
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the  communication  of  motion  to  any  given  point, 
with  forces  which  are  as  the  particles  themfelves 
and  the  fquarcs  of  their  diftances  from  the  axis  of 
motion  jointly. 

Fig.  14.  Suppofe  a  force  F  applied  at  any  point  D,  in  or^ 
der  to  communicate  motion  to  a  fyftem  of  particles,  each  of 
which  \s  Py  revolving  at  determinate  diftances  round  the 
centre  of  motion  S.  Let  D  be  a  quantity  of  matter  which,  if 
concentrated  in  D,  will  have  the  (kme  eSeSt  in  refiftiiig  the 
coammmcation  of  motion  to  the  point  D,  hy  its  inertidt 
when  the  particle  P  is  removed,  as  the  particle  P  revolving 
at  the  diftance  PS.  The  effeft  of  the  given  force  F, 
applied  to  the  point  2>,  to  move  a  body  at  that  point, 
4s  to  its  €Sc&  to  move  a  body  at  P,  inverfdy  as  thefe 
diftances,  or  7^  JPS  to  DS-^  and  if  thefe  bodies  be 
moved  with  equal  angular  velocities,  their  diftances  fromi 
the  axis  will  be  as  the  (paces  defcribed  in  a  given  time; 
therefore  the  moving  forces  are  inverfely  as  the  fpaces 
defcribed }  confequently  the  quantities  of  matter  muft 
be  inverfely  as  the  fquares  of  the  velocities.  Art.  18. 
Le£t.  1 8.  that  is,  inverfely  as  the  fquares  of  the  diftances  from 

the  axis;  that  is,  V;P:  :  PS^  :  DS*,  and  2)=-^— i 

that  is,  the  refiftance  of  P  at  die  diftance  PS,  is  equivalent 

P'X.PS^ 

to  the  refiftance  of  the  mafs  -r=r7r—  at  the  diftance  DSx 

and  the  refiftance  of  all  the  particles,  or  of  the  whole  revolv- 
ing  body  is  equal  to  the  fum  of  all  the  quantities  — ^^ 

23.  The  force  which  accelerates  the  ppint  D  of 

any 
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g.ny  body  revolving  on  an  axis,  to  which  point  that 
force  F  is  applied,  is  equal  to  the  produft  of  the 
force  into  the  fquare  of  the  diftance  DS,  divided 
by  the  fums  of  the  produfts  of  all  the  particles  into 
the  fquares  of  their  refp.edive  diftances  from  5  the 
centre  of  motion. 

For  the  mafs  moved  is  the  fum  of  all  the ;  and 

the  moving  force  is  Fi  but  the  accelerating  force  is  had  by 
dividing  the  moving  force  by  the  mafs,  which  therefore  is 

the  fum  of  all  the  ^^^f 

PxPsr 

24.  The  centre  of  ofcillation  is  that  point  in  the 
axis  of  a  vibrating  body,  in  which  if  all  the  matter 
of  the  fyflem  were  coUefted,  any  force  applied 
there  would  generate  the  fame  angular  velocity  in  a 
giveij  time,  as  the  fame  force  at  the  centre  of  gra- 
vity^ the  parts  of  the  fyftem  revolvipg  in  thejr  re- 
ipeftive  places. 

Hence  the  centre  of  ofcillation  lies  in  a  right  line  paffing 
through  the  centre  of  gravity,  and  perpendicular  to  the 
axia  of  motion. 

25.  If  the  fum  of  the  produdVs  of  each  particle 
of  a  pendulum  niultiplied  into  the  fquare  gf  its  dif- 
tance from  the  centre  of  motion,  be  divided  by  the 
weight  of  the  whole  multiplied  into  the  diftance  of 
the  centre  of  gravity  from  the  axis  of-motiop,  the 
quotient  will  be  the  diftance  of  the  centre  of  ofcilla- 
tion from  the  fame  point. 

the 
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The  motire  force  of  the  pendulum  is  its  weight  mnU 
tiplied  into  the  fine  of  the  angular  diftance  of  the  centre 
of  gravity  from  the  loweft  pointy  and  divided  by  radius ; 
this  force,  which  call  F,  afts  at  the  centre  of  gravity. 
The  force  which  accelerates  the  centre  of  gravity  D  is  the 

fum  of  all  the  -^ — -—-,  and  therefore  the  force  which  ac- 

celerates  O  the  centre  of  ofcillation  is  \he  fum  of  all  the 
FxDSxOS    ^^  accelersftions  being  dire^Iy  as  the  dif- 

tances  of  thefe  centres  from  the  axis  of  motion.  Now  if 
M,  the  fum  of  the  particles,  were  coUefked  in  O,  and  the 
given  force  applied  there,  the  force  accelerating  0  would  be 

=  _.    But  the  force  accelerating  0,  in  this  cafe,  muft  be 

M 
equal  to  the  force  accelerating  0,  when  F  is  applied  at  the 

centre  of  gravity,  that  is  jjj=the  fum  of  all  tKe  -p^^^ 

PxFS^ 
therefore  OS=the  fum  of  all  the  -__^. 

26.  In  a  compound  pendulum,  confifting  of  fe- 
veral  bodies  revolving  round  a  common  axis,  the 
centre  of  ofcillation  is  thus  determined  :  add  toge- 
ther the  feveral  produfts  of  the  weights  of  each 
body  into  the  diftances  of  the  rcfpcftive  centres  of 
gravity  and  ofcillation  from  the  common  centre 
of  motion,  and  divide  the  fum  by  the  produft  of 
the  whole  fyftem  into  the  diftance  of  the  comrtion 
centre  of  gravity  from  the  axis  of  motion ;  the 

quotient 
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quotient  will  be  the  diftance  of  the  centre  of  oTcil- 
lation  from  the  fame  axis. 

From  the  laft  article  it  appears,  that  the  fum  of  all  the 
produfks,  m  each  part  of  the  compound  pendulum,  which 
are  formed  hj  multiptying  each  particle  into  the  fquare  of 
its  diftance  from  the  axis  of  motion,  is  equal  to  the  pro* 
du£):  of  the  diftances  of  the  centres  of  ofciUation  and  gra- 
vity of  that  part  from  the  fame  axis  into  the  whole  weight 
of  that  part ;  therefore  the  fum  of  all  the  PxPS^  in  the 
whole  pendulum  is  equal  to  the  fum  of  all  the  produ&s  in 
each  part  of  the  pendulum,  which  are  formed  hj  multiply- 
ing  the  weight  of  each  part  into  the  produ£h  of  the  diftances 
of  the  centres  of  ofcillation  and  gravity  of  that  part  from 
the  common  axis  of  motion  \  therefore  if  this  latter  fum  be 
divided  by  the  produA  of  the  weight  of  the  compound 
pendulum  into  the  diftance.  of  the  common  centre  of  gravity 
from  the  axis  of  motion,  the  quotient,  by  the  laft  artii^le, 
will  be  the  diftance  of  the  centre  of  ofcillation  from  the 
fame  axis. 

27.  The  centre  of  gyration  is  a  pomt,  in  which 
if  all  the  matter  contained  in  a  revolving  fyftem 
were  collected,  any  point  to  which  a  given  force  is 
applied  to  communicate  motion,  would  be  accele* 
rated  in  the  fame  manner,  as  when  the  parts  of  thq 
fyftem  revolve  in  their  refpeftive  places  ;  and  con- 
fcquently  the  angular  velocity  generated  in  a  given 
time,  in  both  cafes,  is  the  fame. 

z8.  If 
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28.  If  P  denote  each  particle  of  which  a  body  is 
compofed  revolving  on  the  axis  5,  the  diftance  of 
the  centre  of  gyration  R  from  that  axis  will  be  equal 

to  the  fquare  root  of  the  fum  of  all  the  £2if£!. 

M 

Let^any  force  jPbe  applied  to  move  the  body,  at  any  dis- 
tance SD  from  the  axis.  If  the  force  which  accelerates  a 
given  point  be  the  fame  in  any  two  cafes,  the  abfolute  ve- 
locity of  that  point,  generated  in  a  given  time,  muft  be 
the  &me;  and  confequently  the  angular  velocity  of  the 
body  will  be  equal  in  both  cafes.  The  force  which  acce- 
lerates the  point  D  is  =:  the  fum  of  all  the  ^^  •  ; 
now  let  M  be  concentrated  in  Ry  the  centre  of  gyration,  and 
the  force  which  accelerates  D  will  be  =  jgTTjnj'  Thefc 
forces  are  equal  by  the  hypothefis  5  that  is,  the  fum  of  all 
^X^f  =  |2i^*  ;  therefore  SR*  =  fum  of  aU  the 

— 1: ;  and  SR  equal  to  the  fquare  root  of  that  quan- 

M 

tity. 

Thus   if  a  flendcr  rod,  whofe  length  SP  r=  a,   revolve 

on  the  point  S,  the  diftance  of  the  centre  of  gyration  from 

that  point  will  be  z=  «  aJ-^  :  for  let  SD  =1  m  ;  then  the 

3 

fum  of  all  the  ^i!^  =  the  fluent  of  -^=  —=  -i^S 
M  a  3a       3 

when  M  :=za. 

CL  Fig. 
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Fig.  27.  If  a  circle  en:  cylinder  EDB  revolve  on  it^  cen- 
tre or  axis  S,  and  the  radius  SD  =  r,  the  diftance  of  the 

centre  of  gyration  from  the  centre  or  axis  will  be  ==  r  \/— : 

for  let  SAzzxy  and  ^  z=  the  periphery  p£  a  circle  wHofc 
diameter  is  unity ;  then  the  circumference  of  the  annidus 

whofe  radius  is  x  zr  2px,  and  its  area  =:  2pxx ;  and  the  area 
of  the  circle  EDB  ^^pr^  v    therefore  the  fum  of  all  the 

— TTf — 5=  the  fluent  of tL^  ^ r«,  when 

M  pr^  2r«  "■  2 

In  the  fame  manner,  if  a  globe,  whofe  radius  is  r,  re- 
volve about  one  of  its  diameters,  the  diftance  of  the  cen- 
tre of  gyration  from  the  centre  will  be  =  r^  — . 

29.  The  diftance  of  the  centre  of  gyration  from 
the  axis  of  motion  is  a  mean  proportional  between 
the  diftances  of  the  centres  of  ofcillation  and  gra- 
vity from  the  fame  axis. 

Fig.  14.  For  OS  =  the  fum  of  all  the  -^^^,  therefore 

OSxDS:=z  fum  of  all  the  ^^fj^z=:  SRk 

M 

When  the  axis  of  motion  pafles  through  the  centre  of 
gravity,  the  above  centre  is  called  The  Principal  centre  of 
Gyration, 

30.  The  diftance  between  the  centre  of  gravity 
and  principal  centre  of  gyration  is  a  mean  propor- 
tional 


Digitized  by  VjOOQ IC 


L.  19*  MECHANICS.  uc 

tional  between  the  dift^nces  of  the  centres  of  mo- 
tion and  ofcillation  from  the  centre  of  gravity. 
For  PS*  =  PD^  +  DS^  ±  2PnS,  therefore  OS  = 

/  PxFD^  +  DS^  ±2PDS     «      ^  , 

Af^raF" •  •  "*  ^^  nature  of  the 

centre  of  gravity,  /  PxPD,  on  each  fide  of  D,  are  equal, 
and  bccaufe  2DS  is  conftant,  the  fum  of  all  the  +  2PDS 
2=  0.    Moreover,  /  PxDS^  =  MXDS^,  therefore  OS  — 

PxPD^ 

/   — jTT — 9  that  is  jthe  dxftancc  between  the  centre  of  grar 

vity  and  principal  centre  of  gyration,  is  a  mean  proportional 
between  OD  and  DS. 

3 1.  If  the  centre  of  ofcillation  be  made  the  point 
of  fufpenfion,  the  point  of  fufpenfion  will  become 
the  centre  of  ofcillation ;  the  plane  of  vibration 
being  fuppofed  to  continue  the  fame. 

When  S  is  the  point  of  fufpenfion,  the  diftance  of  the 

centre  of  ofcillation  from  the  centre  of  gravity  =  OD  = 

PxPD^ 
/    r? — TTTTt  as  appears  from  the  demonftration  of  thelaft 
Mx^S  '        '^'^  '' 

article ;  and  when  O  is  the  point  of  fufpenfion,  x  the  diftance 

of  the  ccijitre  of  ofcillation  from  the  centre  of  gravity  = 

PX  PD^ 
ff    i-^     -^»  therefore  *  =  D<S,  and  the  diftance  of  the 
MxDO  r     ,     . 

centre  of  ofcillation  from  O  =  SO, 

32.  The  time  of  vibration  will  be  the  leaft  pof- 
fible,  when  the  axis  of  motion  paffes  through  the 
principal  centre  of  gyration. 

.    0^2  Let 


\ 
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Let  the  diftances  of  the  axis  of  fufpenfion,  the  priti-* 
cipal  centre  of  gyration,  and  centre  of  ofcillation  from  the 
centre  of  gravity,  refpeflively,  be  x,  r,  and  y  •,  then  *y  =i  r* 
a  conftant  quantity ;  therefore  Af+^,  the  length  of  the  pen- 
dulum, is  leaft  when  x  =r  j^  =  r,  by  prop.  4.  Elem.  2. 

33.  When  a  pendulum  is  at  reft,  if  a  body  im- 
pinge on  it  in  an  horizontal  diredlion,  the  fame  ve- 
locity will  be  communicated  to  the  point  of  im- 
pa<ft,  as  if  the  mafs  of  the  pendulum  were  remo- 
ved, and  inftead  of  it  an  equivalent  mafs  were  con- 
centrated in  the  point  of  impad,  the  quantity  of 
the  equivalent  mafs  being  to  that  of  the  pendu- 
lum, in  a  duplicate  ratio  of  the  diftances  of  the 
centre  of  gyration,  and  the  point  of  impadt  from 
the  axis  of  motion. 

Fig.  15.  Let  /18CI)  reprefcnt  a  pendulum,  whofc  axis 
of  motion  is  S,  and  let  any  impadl:  be  impreffed  on  the 
point  F^  in  an  horizontal  dire£kion,  and  perpendicular  to 
the  vertical  plane  ABCD,  the  pendulum  being  at  reft ;  alfo 
let  ^be  the  quantity  of  matter  which  being  concentrated  in 
Fi  the  fame  angular  velocity  will  be  communicated  by  th» 
irnpa^,  as  when  Jf^  the  weight  of  the  body  is  concentra- 
ted in  R  the  centre  of  gyration.  Since  the  particles  of  mat- 
ter which  compofe  the  pendulum  refill,  by  their  inertia, 
the  communication  of  motion  with  forces  which  arc  as 
the  particles  themfelves  multiplied  into  the  fguares  of  their 
diftances  from  the  axis  of  motion,  and  JTmce  the  refiftances 
in  the  two  cafes  muft  be  equal,   we  have  WxSR^  = 

^XSiFSand^  =  »-X^; 

tlence 
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Hence  F  the  velocity  of  the  impinging  bojljr  M^mzy  be 
determined;  let  vbe  the  velocity  communicated  to  the  point 
of  impad ;  tl>en^  by  the  laws  of  the  collifion  of  non-elaftic 

bodies,  M  :  M+^  ::v:F=  vX— i^.    To  determine 

■         '         M 

y,  meafure  the  arc  defcribed  by  O  the  centre  of  ofcillation 

in  its  afcent  after  impaft:  let  its  verfed  fine  be  r;  then  the 

velocity  of  the  centre  of  ofcillation  at  its  lowcft  point  = 

\/  4g^f  by  Art.  10  and  25,  Left.  18.  and  the  velocity  of 

op  

f he  point  of  impadl  =  -sTi  ^  s/ae?^* 

34.  If  motion  be  communicated  by  a  hanging 
weight  to  a  fyftem  revolving  on  a  fixed  axis  pafTing 
through  the  centre  of  gravity,  and  the  moving 
force  aft  always  at  a  given  diftance  from  the  axi^ 
of  motion,  it  will  generate  in  the  revolving  fyfteni 
.  the  fame  niotion,  as  it  would  acquire  in  the  fam^ 
time  by  falling  freely  by  its  gravity  from  a  ftate 
of  reft. 

Fig.  1 6-  Let  ABC  reprefent  a  body  movea])le  round  itjj 
centre  of  gravity  5,  thro'  which  an  horizontal  axis  of  motion 
paffes ;  let  R  be  the  centre  of  gyration,,  p  the  weight  of 
the  body  which  gives  motion  to  the  fyftem,  by  means  of  a 
line  DP  wound  round  the  circle  DEF,  aiyi  w  the  weight 
of  the  fjHem.  Let  the  diftance  of  the  centre  of  gyration 
from  the  axis  SR  =  r,  SDz=.d\  the  inertia  of  the  whole 


wr 


2 


fyftem  is  equivalent  to  t)ie  weight  —       ■  uniformly  diffiifed 

Jhrough  the  periphery  DEF,  every  point  of  which  moves 

with 
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vith  the  fame  velocity  with  p  \  the  moving  force  is  py  there- 
,fore  the  accelerating  force  is  ^      ,  p  being  fuppofed  det 

titute  of  inertia,  or  incomparably  lefs  than  the  weight  of 
the  fyftem :  then,  in  the  time  /,  the  velocity  generated  in  the 

point  D  or  p  will'  be  =    ^^     ;  which  multiplied  into  the 

quantity  of  matter  ,  gives  igtp  for  the  whole  quantity 

of  motion  generated. 

Again,  if  p  were  to  defcend  by  the  force  of  gravity  un- 
impede/1}  it  would  acquire,  in  the  time  t^  the  velocity  ^^gf; 
which  multiplied  into  the  quantity  of  matter  ^,  would  give 
^gtp9  the  fame  quantity  of  motion  as  before. 

Hence  it  follows,  that  the  permanency  of  motion,  efti- 
mated  by  the  produft  of  the  quantity  of  matter  and  velo- 
city, obtains  in  bodies  which  revolve  on  fixed  axes. 


LECTURE 
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LECTURE    XX. 


t.  1  HE  centre  of  Percuffion  is  that  point  in  a 
body  revolving  about  an  axis,  at  which  if  it  ftruck 
an  immoveable  obftacle,  all  its  motion  would  be 
deftroyed,  or  it  would  incline  neither  way. 

Fig.  17.  If  during  the  vibration  of  a  fyftcm  of  bodies  round 
a  fixed  axis,  fuch  an  obftacle  be  oppofed  to  any  point  O,  as 
entirely  to  deftroy  the. motion  of  that  point,  every  other 
particle  of  the  fyftem  will  endeavour,  by  its  inertia,  to  pro- 
ceed in  the  dire£):ion  of  its  motion,  that  is,  of  the  tangent 
of  the  circular  arc  it  was  defcribing,  the  inftant  that  0  was 
ftoppcd.  Thefe  forces  will  therefore  a£l  on  the  fyftem, 
to  turn  it  round  O  ,•  and  if  the  fum  of  the  forces  on  each 
fide  of  O  (hould  be  unequal,  the  motion  of  the  fyftem  will 
not  be  deftroyed,  when  0  is  ftopped :  but  fince  the  forces 

^  which 
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which  aft  on  the  pendulum  between  O  and  S,  have  an  ef- 
fe£lt  to  contiiiue  the  motion  of  the  fyftem,  contrary  to  thofe 
which  are  imprefled  on  the  other  fide  of  0,  if  the  point  O 
be  fo  fituated,  that  the  fum  of  the  fbrce^  to  turn  the  fyftem 
round  0,  on  each  fide  of  that  point,  may  be  exa£lly  equal, 
the  inftant  that  0  is  flopped,  the  whole  motion  -of  the  fyf- 
tem will  be  deftroyed. 

2.  If  a  pendulum  vibrating  with  a  given  angu- 
lar velocity  ftrike  an  obftacle^  the  efFeft  of  the  im- 
paft  will  be  the  greateft,  when  it  is  made  at  the 
centre  of  percuflion. 

For  in  this  cafe,  the  obftacle  receives  the  whole  revol- 
ving motion  of  the  £icndulum ;  whereas  if  the  blow  be 
ftruck  in  any  other  point,  a  part  of  the  pendulum's  motion 
will  be  employed  in  endeavouring  to  continue  its  rota- 
tion. 

3.  If  a  body  revolving  on  an  axis,  ftrike  an  im- 
moveable obftacle  at  the  centre  of  percuflion,  the 
point  of  fufpenfion  will  not  be  afFefted  by  the 
ftroke. 

4.  The  diftance  of  the  centre  of  percuflion  from 
the  axis  of  motion  is  equal  to  the  diftance  of  the 
centre  of  *ofcillation  from  the  fame. 

Fig.  17.  Let  S  be  the  axis  of  motion,  G  the  common  centre 
of  gravity,  and  P  one  of  the  particles  compofing  the  fyftem  ^ 
draw  SGOLf  fince  the  angular  motion  of  all  the  particles 
is  tlie  fame,  the  abfolute  velocity  will  be  proportional  to  the 
diftance  from  the  axis  of  motion  ;  and  if  in  the  diftance  x 
the  velocity  b^  exprcfled  by  unity,  the  velocity  of  P  will 

be 
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be  =  PS^  and  the  quantity  of  motion  =  PyiPS,  which 
will  2L&  in  the  dired^ion  PR  perpetldicular  to  SP ;  produce 
PR  to  Dy  aiid  let  fall  on  it  the  perpendicular  OD  from  0; 
then  will  PxPSxOD  be  the  force  of  the  particle  P  to 
move  the  fyftem  round  O.  But,  becaufe  of  limilar  triangles, 

DO  =  ^^^=PS  X^?~— ;   and  if  PA  be  perpen- 

dicular  to  OS,  we  fliall  have  SA=iJLl^  .     Therefore  the 

RS 


fame  entire  force:r=PXPS^x^^~^^  =  PxJSAx  SO— 

RS 

PxPS**    But  fince  Oi$  the  centre  of  percuffion,  thefum 
of  all  the  PxSAx  SO  z=i  the  fum  of  aU  the  P  x  P5«  ; 

therefore  SO  =  fum  of  ?!L*L^^^*=  the  fum  of  afl 

all  the  PxSA 

the    ^>^£?1. 
MxGS 

Thia  demonftration  fuppofes,  that  the  centre  o(  percuf- 
i[ion  IS  required  in  a  plane  pafEng  through  the  axis  of  mo- 
tion and  centre  of  gravity.  If  it  be  required  in  any  other 
plane  as  So,  paf&ng  through  the  axis  of  motion,  from  G 
the  centre  of  gravity  let  fall  the  perpendicular  G^  on  & ; 
and  by  the  fame  argument  as  before,   &z=  the  fum  o£ 

-;;^1^^5^=thefumofaUthe  $^;  and  &:S0:: 
all  the  PxSa  MygS 

GS :  gS,  and  the  angle  eOS=:  the  angle  GgS,  which  there« 
fore  is  a  right  angle. 

Hence  it  follows,  that  a  body  has  various  centres  of  per- 
cuffion, according  to  the  plane  paffing  through  the  axis  of 
motion  in  which  the  impa£k  is  made ;  and  the  right  line 
•0  is  their  Locus. 

R  5-  The 
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5-  The  centre  of  percuffion  does  not  always  He 
in  a  right  line  perpendicular  to  the  axis  of  motion 
and  palling  through  the  centre  of  gravity. 

Fig.  18.  Let  the  triangle  jiCB  vibrate  on  the  axis  tnSCn 
J)arallel  to  the  bafe  AB ;  let  G  be  the  centre  of  gravity, 
SG^'jBperpcridicular  to  AB^  and  AxUE%S  paradte!  ta  the 
jTame,  and  therefore  parallel  to  the  axi».    Let  the  perpen^-< 

cular  CL  =  p^  AB  ==  a^  DL  =  d^  and  ^E  =  ^  ;  then 

d  

GS!  zzy~  7  ^,  and  therefore  JXE'  :;=  y  X    J  ^  If' 

The  fum  of  all  the  *r  X  w;v  X  mS\n  t^e  K\iitAE=  fftxX  — — 

2 
TR*Jff% 

ti  ftH  the  2  X  «2  X  Cn^  in  EE  z=  nz  x  >   therefore 

2 

the  difFerence  or  efficacy  of  the  line  AEE  to  turn  the  plane 

about  SE  =  SE  X  —^ — ^^=  i SE  X  AEx%DE 
Whence  the  fluxion  of  the  fum  of  the  efficacy  =  SE  X  AE 

XD'ExS\x^.xsiS^E:s:yyX^X—Xy^^p.    Thcfl^ 

p       p  ^ 

cnt,  Svhich  has  no  correftion,  z=.  ^-1-^ ^—f    which 

4^»  9P 

^henyzpp,  becomes  :f?L_ ;   Aercfore  the  triangle  is  noC 
*  36 

balanced  00  &E,  except  when  rf=:  c^  or  the  triangle  is  Ifo» 
fceles. 

To  find  the  diftance  of  the  centre  of  percuffion  from  the 
plane  paffing  through  the  centre  of  gravity,  and  perpendi- 
cular  to  the  axis  of  motion ;  See  Hydroftatics,  Lefl:.  2. 

6.  The  centre  of  fpontaneous  rotation  is  that 

point  which  remains  at  reft,  the  inftant  the  bod^ 

,i$  ftruck,  or  about  which  the  body  begins  to  re  J 

volve.  1 
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7.  The  centre  of  fpontancous  rotation  is  the 
fame  with  thd  centre  of  fufpenfion  correfponding  to 
the  centre  of  percuffion,  the  centre  of  pcrcuffion 
being  that  point  where  the  body  is  ftruck* 

For  tfae  zQtion.  of  die  body  againft  an  immoreable  obfta- 
de  in  tfae  centre  of  percuiBon,  muft  have  the  fame  cffeBt 
Upon  the  body,  as  if  the  body  had  been  at  reft,  and  the 
obftade  had  ftruck  the  body,  in  which  latter  cafe,  the 
centre  of  fufpenfion  would  not  be  affe£led,  and  therefore  i% 
becomes  the  centre  of  fpontaneous  rotatioq. 

8.  If  an  impad:  be  made  on  any  point  of  the  axis 
of  a  regular  body,  and  that  point  be  confidered  as 
the  point  of  fufpenfion,  the  correfponding  centre  of 
ofcillation  will  be  the  centre  of  fpontaneous  rotation. 

Becaufe  if  the  centre  of  ofcillation  be  made  the  point 
of  fufpenfion,  the  point  of  fufpenfion  will  become  the  cen* 
tre  of  ofcillation  j  and  the  centre  of  ofcillation  is  the  fame 
with  the  centre  of  percufllon,  in  the  axis  of  a  regular  body* 

9.  The  pofition  of  the  centre  of  fpontaneous  ro- 
tation does  not  depend  on  the  magnitude  of  th^ 
impaft.  • 

10.  The  rotation  round  the  centre  of  fpontane* 
ous  converfion  is  caufed  by  tfae  different  velocities 
communicated  to  the  different  points  of  the  fyftem. 

Fig.  19.  Let  the  inflexible  rod  RS,  whofe  centre  of  gra* 
vity  is  G,  he  ftruck  in  the  point  i%  and  in  the  diredion  DP 
perpendicular  to  RS'y  fince  the  imparl  is  dire£l,  it  cannof 
be  refohred,  but  muft  be  entirely  communicated  to  the  -parti- 
tides^  endeavouring  to  move  then)  in  direftiona  parallel  tq 
i)F.  Now  when  the  impaft  is  made  on  JF,  in  the  direftion 

R  Z  DFf 
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JDi^,  die  particles  will  rcfift  in  the  contrary  direfiion^  and 
the  point  of  impadt  will  become  a  fulcrum,  the  particle 
S  adling  by  the  lever  SF,  and  the  particle  R  by  the  lever 
RF'f  hence  if  thefe  levers  be  unequal,  the  refiftances  will 
be  fo  likewife,  and  fjnce  the  refiftance  on  the  fiiorter  lever 
FS  is  Icfs,  that  extremity  of  the  rod  will  move  fafter  than 
the  extremity  R.  But  the  points  5,  G,  R  muft  begin  to 
move  in  the  direction  of  th^  impelling  force,  that  is^  in  a 
direfbion  parallel  to  DF',  and  becaufe  the  determination  of 
motion  once  impreflcd  on  the  centre  of  gravity,  is  not 
filtered,  except  by  the  impulfe  of  external  forcQ  afting  in 
fome  other  dire^Hon,  it  follows  that  the  dire£lion  ii| 
)(vhich  the  centre  of  gravity  G  proceeds  from  the  very  \>t» 
ginning  of  its  motion,  will  be  perpendicular  to  the  line  RSz 
and  the  point  S  moving  fader  than  R,  the  rod  at  the  fame 
time  will  revolve  round  fome  point,  which  is  called  the 
centre  of  Spontaneous  Converfion. 

II.  If  a  right  line  be  drawn  through  the  centre 
of  gravity  of  a  body,  to  whatever  point  of  this  lin^ 
the  impaft  be  applied,  the  velocity  of  the  centre 
of  gravity  will  be  tjie  fame. 

=  Fig.  20.  To  whatever  point  of  ^P  the  fome  force  F  is 
applied,  the  incipient  mqtion  ^X  ^q+PxPp  of  the  two 
particles  j^  P,  connefted  by  the  inflexible  line  ^P,  will 
be  the  fame,  by  the  fecond  law  of  motion^  and  confe« 
quQntly,  the  velocity  o£  the  centre  of  gravity,  or  Gg,  •  is 
always  the  fame  as  if  both  panicles  were  placed  at  G,  and 

P  V  Pit  I  -^  V  ^a 

afted  on  by  the  fome  force  jF^  for  Gj^= Pjl^  — ^» 

by  the  nature  of  the  centre  of  gravity. 

HepQg 
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Hence  the  pennanency  of  the  fame  quantity  of  motioa 
obtains  in  rotations  roui^d  a  centra  of  Spontaneous  Gyra» 
tipn. 

12.  If  the  impaft  be  made  in  a  diredion  paffing 
through  the  centre  of  the  impelling  body,  the  ve.- 
locity  of  the  centre  of  gravity  of  the  body  ftruck 
^ill  be  equal  to  the  produdt  of  the  quantity  of 
mot  10131  of  the  impelling  body  into  the  diftance 
between  the  centres  of  gravity  and  fpontaneous 
rotation,  diyided  by  the  fums  of  the  produfts  of 
the  inapelling  body  into  the  diftance  of  the  point 
of  impaft  fronj  the  centre  of  rotation,  and  of  the 
impelled  body  into  the  diftanpe  between  the  centres 
of  rotation  and  gravity. 

Let  the  quantity  of  matter  of  the  impinging  body  be 
J),  its  veloci^  V,  B  the  quantity  of  matter  of  P^  the 
J^ody  wWph  is  ftrucl^,  in  the  dircftion  DF  paffing  through 
the  centre  of  A  S  the  velocity  of  the  centre  pf  gravity, 
^nd  S  the  centye  of  fppntaneous  (jonyerfiop  of  P^j  thcp 
.iSG  :  SP  :  ^  :  the  velocity  of  -F,  whigh  is  th^efpre  = 

^I2^ ;  therefore  V  —  ?^^  =  the  velocity  loft  by  A  m 


F—SFxg 
the  dircaion  DFi  and  (3d  law  of  motion)  D  X j^ 

5=  Sxgf  and  ^  X  FxSG—SFxg  —  Sg»  and  g  == 

-       SG 
'     PxFxSG 

If 
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If  D  be  very  fmall  with  nfftd;  to  B,  the  velocity  of  th« 
centre  of  gravity  will  be  =  — g^- 

13,.  The  angular  velocity  of  the  centre  of  the 
fyftem  round  the  centre  of  gravity,  when  the  im- 
pelling body  is  indefinitely  lefs  than  the  fyftem,  is 
'  equal  to  the  momentum  of  the  impelling   body 

divided  by  twice  the  produdt  of  the  mafs  of  the 
impelled  body  and  the  diftance  between  the  centres 
of  gravity  arid  fpontaneous  gyration  into  the  peri- 
phery of  a  circle  whofe  diameter  is  unity. 

If  a  fixed  axis  paffed  through  S,  the  centre  of  gravity 

would  defcribe  a  circle  whofe  radius  is  SG,  with  the  velo« 

DF 
locity  — -— .     But  the  centre  of  gravity,  not  being  fixed. 

will  go  on  in  the  direftion  of  it^  firft  impulfe  5  and  if  no 
rotatory  motion  had  been  communicated  to  the  fyftem^ 
/  the  line  P^  would  have  moved  into  the  pofiti6n  xz^  pa- 

rallel to  PS  \  but  the  angular  motion  about  S  =  PSp  = 
9cgp,  the  contemporary  angular  velocity  round  tlie  centre  oE 
gravity ;  the  motion  therefore  of  the  fyftem  will  be  con»* 
pounded  of  the  uniform  reftilincar  motion  of  the  centre 
of  gravity,  in  the  direftion  Gg^  perpendicular  to  RS,  an4 
the  angular  motion  generated  round  the  centre  pf  gravity, 
^ow  fince  the  periphery  of  a  circle  whofe  radius  is  SG  = 
2pXSGy  p  being  the  periphery  of  a  circk  whofe  diameter 

DF 
is  unity,  we  have  this  analogy,  — -,—  :  2pxSG  :  :  one  fe* 

(jpnd :  the  time  of  one  revolution  in  fcconds  =  — —      — 
/  an4 
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mid  coiifequeilt]]^ ,  the  number  of  reTolutions  or  parts  of  a  re^ 

DV 

Irolution  in  a  fccoAd,  or  the  angular  yelocity  :=  — *^r — »* 

14.  The  ccntrfe  of  fpontaneous  converfion,  dur* 
ing  the  motion  of  the  fyftem,  defcribes  the  com- 
mon cycloid. 

For  the  motion  of  any  point  in  the  fyftem  is  compound- 
ed of  the  uniform  re£kirincal  motion  of  the  centre  o£ 
gravity,  and  of  the  angular  motion  generated  round  that 
centre  j  but  the  velocity  with  which  the  centre  of  fpon- 
taneous converfion  would  move  round  the  centre  of  gra- 
vity, if  there  exifted  a  rotatory  motion  only  in  the  fyftem, 
would  be  equal  to  that,  with  which  the  centre  of  gravity 
would  move  round  it,  if  the  centre  of  fpontaneous  con- 
verfion were  fixed ;  fince  therefore  the  centre  of  fpontane- 
ous converfion  has  both  a  rotatory  and  progreftive  mo- 
tion, each  of  which  is  equal  to  that  of  the  centre  of  gra- 
vity, it  will  defcribe  a  cycloid. 


LECTURE 
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LECTURE     XXI. 


.  I.  CiLEPSYDR-^  are  inadequate  to  the  accurate 
meftfuration  of  time^ 

2.  Clockwork,  regulated  by  afimple  balance,  is 
inadequate  to  the  accurate  menfuration  of  time. 

3.  Clockwork,  regulated  by  a  pendulum  vibra- 
ting in  the  arch  of  a  circle,  is  inadequate  to  the 
accurate  menfuration  of  time, 

I  ft.  Becaufe  the  vibrations  in  greater  and  fmallcr  arches 
are  not  performed  in  equal  times.  2^7.  Becaufe  the  length 
of  the  pendulum  is  varied  by  heat  and  cold. 

4.  Clockwork,  regulated  by  a  pendulum  vibra- 
ting in  the  arch  of  a  cycloid,  is  inadequate  to  the 
accurate  menfuration  of  time. 

The 
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Tbt  ifochronilm  of  the  yibrations  of  a  cycloidsd  pendu- 
lum in  greater  and  fmaller  arches,  is  true  only  on  the  hy« 
pothefiSy  that  the  pendulum  moves  in  a  non-refifting  me* 
dium,  and  that  the  whole  mafs  of  the  pendulum  is  con- 
centrated in  a  pointy  both  of  which  pofidons  are  falfe.  For 
thefe  reafons  the  application  of  the  cycloid  in  pra£^ice  has 
been  entirely  relinquifhed. 

5*  Modern  time-keepers  owe  almoft  the  whole 
of  their  fupcriority  over  thofe  formerly  made  to 
two  things,  ift.  The  application  of  a  thermometer. 
2^*y.  The  particular  conftruftion  of  the  efcape- 
ment. 

6.  Metals  expand  by  heat  and  contradt  by  cold. 

This  is  proved  experimentally  by  the  pyrometer.  Me- 
tallic bats  of  the  fame  kind  are  found  to  expand  in  propor- 
tion to  their  length.  Metals  of  difierent  kinds  expand 
in  difierent  proportions ;  thus  the  expanfion  of  iron  and  ftepl 
are  as  3,  copper  4),  brafs  5  ^  tin  6,  lead  7.  Hence  pen- 
dulum rods^  expanding  and  contrafting  by  the  fuccefBve 
changes  of  temperature,  afied  the  going  of  the  clocks  to 
which  they  are  applied. 

Various  have  been  the  contrivances  to  correct  the  errors 
of  pendulums  from  their  contta£bion  and  expanfion  by  heat 
and  cold ;  which  however  may  be  reduced  to  four  general 
clafles,  the  mercurial,  gridiron,  lever,  and  gibbet  pendulums. 

7.  If  a  metallic  pendulum  rod  be  attached  to  a 
hollow  glafs  cylinder,  partly  filled  with  mercury, 
inftead  of  a  bob,  the  variation  of  the  length  of  the 

_  S  pendulum 
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pendulum  produced  by  the  expanfion  or  contrac* 
tion  of  the  rod,  will  be  correfted  by  the  expanfion 
or  contraftion  of  the  mercurial  column  contained  in 
the  glafs  cylinder. 

The  defe£l:  of  this  thermometer  feems  to  arife  from  the 
expanfion  of  the  mercury  commencing  fooner  than  the  ex* 
panfion  of  the  rod, 

8.  If  a  pendulum  be  compofed  of  an  odd  num- 
ber of  bars  of  two  different  metals  alternately  dif- 
pofedy.  U>  conneded  that  the  baB,  which  is  attach- 
ed to  the  middle  bar,  (hall  be  carried  down  by  the 
expanfion  of  every  alternate  bar  beginning  from 
the  extremes,   and  upwards  by  the  intermediate 
bars  I  then  will  the  expanlions  of  all  the  bars  to^ 
gether  corred  each  other^  provided  the  length  of 
the  fum  of  all  the  alttrnate  bars  from  the  middle  to 
the  extreme  bar  on  either  fide  inclufive,  be  to  the 
lengths  of  the  intermediate  bars,  inverfely  as  the  ex*- 
panfions  of  the  metals  of  which  they  are  compofed. 
The  principal  objediona  to  thU  mode  of  compenfation^ 
are,  ift.  The  difficulty  of  exa£ilyadjufting  the  lengths  of 
Ac  rods.     a^lf.  Of  proportioning  their  thickncfs  fo,  that 
they  ftiall  all  begin  to  expand  or  contraft  at  the  fame  in- 
ftant.    3dly.  The  conncding  bars  of  a  pendulum  thus  con- 
ftrutled  are  apt  to  move  by  ftarts. 

9.  If  a  pendulum  rod  be  compofed  of  two  coin- 
cident bars  of  different  metals,  attached  to  each 
-  ■  other 
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Other  oBly  at  their  upper  extremities,  that  which 
expands  lead  bearing  the  fulcrums  of  two  levers^ 
which  on  their  outer  extremities  fuftain  the  ball 
of  the  pendulumi,  while  the  bar  which  expands 
moft,  bears  againft  both  the  other  ends  of  the  le- 
vers in  the  middle ;  the  expansions  of  thefe  two 
bars  will  coimtera£t  each  other,  and  preferve  the 
length  of  the  pendulum  unvaried* 

10.  If  a  bar  of  the  fame  metal,  form^  and  iizc 
with  the  pendulum  rod  be  fupported  on  a  firm 
bracket  at  the  lower  end,  and  the  other  carry  a 
tranfverfe  pi:ece  attached  to  a  fpring  at  the  upper 
extremity  of  the  pendulum,  which  fpring  may  be 
moved  vpwards  and  downwards  between  twocheeksi 
and  thus  determine  the  length  of  the  pendulum^ 
the  expanfions  of  this  bar  and  pf  the  pendulum 
rod  will  correft  each  other. 

It  18  however  to  ^e  remarked,  th^t  die  fkfpenfion  of  9, 
pendulum  by  a  fpring,  is  not  fo  goo4  a3  by  an  edge,  ift . 
Becatife  the  reiiftance  in  the  former  manner  is  greater  than 
in  the  latter,  a^ly.  The  centre  of  the  motion  of  Ae  pendo* 
lum  varies  according  as  the  daftieity  of  the  fpring  chimges* 
3^7.  When  the  fpring  has  been  lengthened  by  beat,  the 
weight  of  die  ball  will  prevent  the  cold  from  fliortening  it 
as  miKb|  fo  tbat  the  fpring  will  be  coi^tinually  lengdiei)^ 
ing* 

Sz  LECTURE 
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LECTURE    XXIL 


I.  1  HE  balance  of  a  watch  is  analogous  to  the 
pendulum  in  its  properties  and  ufe. 
^  iThe  fii)tiple  balaifce  is  a  circular  annulus^  equally  heavy 
in  fiU  its  parts,  and  conqentrical  with  the  pivots  of  the  axis 
on  which  it  is  mounted.  This  Valance  is  moved  by  a  fpira^ 
fpring  called  the  balajice-fpring,  the  invention  of  the  in- 
genious Mr.  Hook. 

2.  The  pendulum  rcjquires  a.lef^  maintaining 
pqwer  than  the  balance. 

Hence  the  natural  ifochronifm  of  the  pendulum  is  lefs 
difturbed  by  .die  relatively  fmall  inequalities  of  the  main- 
taining-power. 

.  3.  The  fpring*s  cUftic  force  which  impels  the 
circumference  of  the  balance,  is  diredly  as  the  ten- 
fion  of  the  fpring ;  that  is,  the  weights  neceffary 
to  counterpoife  a fpiralfpriog's  elaflic  force,  w)ien 

the 
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the  balance  is  wound  to  diflferent  diftances  froin 
the  quiercent  point,  are  in  the  dired  ratio  of  the 
arcs  through  which  it  is  wound. 

4^  The  vibrations  of  a  balance  whetjicr  through 
great  or  fmall  arches  are  performed  jn  the  fame 
time. 

For  the  acpelerating  force  is  direflly  as  the  diftance  frotni 
the  point  of  quiefcence  5  hence  therefore  the  motion  of  the 
balance  i$  analogous  to  that  of  a  pendulum  vibrating  in  cyr 
cloidal  arches. 

•  5.  The  time  of  the  vibration  of  a  balance  is  the 
fame  a^  if  a  quantify  of  matter,  whofe  inerjtia  is 
equal  to  that  by  which  the  mafs  contained  in  the 
balance  oppofes  the  communication  of  motion  to 
the  circumference,  defcribed  a  cycloid  whofe  length 
is  equal  to  the  arc  of  vibration  defcribed  by  the 
circurqference^  the  accelerating  fqrce  being  equa) 
to  that  of  the  balance. 

Becaufe  in  both  cafes  the  fpaces  defcribed  would  be  equal, 
^s  aUb  the  accelerating  forces  in  correfponding  points,  and 
therefore  the  times  of  defcription. 

6.  If  I  denote  the  accelerating  force  of  gravity, 
L  the  length  of  a  pendulum  vibrating  feconds  in  a 
cycloid,  a  the  femi-arc  of  vibration  of  the  balance, 
T  the  time  of  vibration,  and  F  the  accelerating 

force  of  the  balance;   then  will^Ts:  y/--f--^, 

fox 
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.  For  fince  the  time  of  Tibration  of  the  balance  is  ana^- 
logous  io  t^^at  of  a  pendulum  in  a  cycloid^  and  the  femi- 
arc  of  vibration  is   =s  the  length  of  the  pendulum,  i"  : 

T  :  :  ^L  :  ^  -J?,  and  therefore  T=  ^  'J^'^inkconds,- 
7.  Let  g  be  the  fpace  which  a  body  falling  freely 
from  a  ftate  of  reft  defcribes  in  T,  arid/>  =5  3.14159 
the  circumference  of  a  circle  whofe  diameter  it 

unity,  then  will  7=^2?. 

Becaufe  L  =  ^-.    This  is  the  formula  dcBvcrcd  by  Mr. 

Atwood,  page  10,  of  his  Invcftigation  of  th«  tunes  of  vi- 
bration of  a  Watch  Balance. 

In  this  expreffion  for  the  time  of  vibration,  the  letter  a 
^cnotefii  the  length  of  the  fcmi-arc  of  vibration}  if  this  arc 
ihould  be  expreffcd  by  a  ^ttmber  of  degrees  c%  and  r  be 

Ihe  radius  of  jhe  balance,  then  ii  will  be  =s  ^"^  >  and  thi« 

180^ 

quantity  being  fubftituted  for  a,  the  time  of  a  vibratioa 
"^'"  "^  ^=  ^r,FxTs^^'  '''  *^  Siven  arc  be  po-,  i^ 
this  cafe  7-=  y^. 

8.  If  thefpring's  elaftic  force,  when  wound  through 
the  given  angle  or  arc  a  =90*  from  the  quiefcent 
pofition,  be  =  i>i  the  weight  of  the  balance,  and 
the  parts  which  vibrate  with  it  =  /T,  the  diilance 

of 
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of  the  centre  of  gyration  from  the  axis  of  motion 

=  y,  then  will  T=V^^!?. 

For  the  refiftance  of  inertia  by  which  the  mafs  contained 
in  the  balance  oppofes  the /communication  of  motion  to  the 

circumference  will  be  — ^  5  and  confcquently  the  fprcc 

which  accelerates  the  circumference  at  the  aiigular  diftance 

a  from  the  quicfccnt  pofition  is  ^^ — =2^,  which  being  fub- 

ftituted  in  the  farmer  cquationi  we  have  2*=  •  i^-l^* 

APrg 

which  is  the  formula  delivered  by  Mr.  Atwood  in  his  maf- 

terly  eflay  above  referred  to. 

Thefe  are  expreffions  for  the  time  of  a  vibration,  vihat- 

ever  may  be  the  figure  of  the  balance,  the  other  conditions 

remaning  the  fame  as  above  ftated.     If  the  balance  be  an 

annulus  or  a  cylindrical  plate,  y  =— ^,  Art.  28.  Led.  19, 

and  the  time  of  vibration  Tz=L\/^f^. 

2P} 

9.  The  times  of  vibration  of  different  balances 
are  in  a  ratio  compounded  of  the  diredt  fubdupli- 
cate  ratios  of  their  weights  and  femidiameters,  and 
the  inverfe  fubduplicate  ratio  of  the  tendons  of 
the  fprings,  or  of  the  weights  which  countcrpoife 
them,  when  wound  through  a  given  angle. 

10.  The  times  of  vibration  of  different  balances 
are  in  a  ratio  compounded  of  the  dired  fimple 

ratio 
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ratio  of  the  radij,  and  dired  fubduplicate  ratio  of 
their  weights,  and  the  inverfe  fubduplicate  ratio 
of  the  abfolute  forces  of  the  fprings  at  a  given 
tenfion. 

Tor  the  weights  neceflkry  to  wind  the  fpring  through  a 
given  angle,  are  dircAly  as  the  abfolute  forces  of  the 
fprings,  and  inverfely  as  the  lengths  of  the  levers  at  which 
(hey  a£t;,  that  is,  diredly  as  the  abfolute  forces  of  the 
fprings  at  a  given  tenfion,  and  inverfely  as  Ac  radius  of  the 
balance ;  let  ^  be  the  abfolute  force  of  the  fpring  at  a 

given  tenfion,  then  Ti:  a/^T;  butP= ,  therefore^: : 

P  r 

A/ — J-  •  which  is  the  formula  difcovered  by  Mr.  Harri* 
A  ' 

fon,  and  delivered  by  Mr.  Ludlam. 

11.  Hence  the  abfolute  force  of  the  balance 
fpring,  the  diameter  and  weight  of  the  balance 
being  the  fame,  is  inverfely  as  the  fquare  of  the 
time  of  one  vibration. 

12.  The  abfolute  force  or  ftrength  of  the  ba- 
lance fpring,  the  time  of  one  vibration  and  the 
weight  of  the  balance  being  the  fame,  is  as  the 
fquare  of  the  diameter  of  the  balance. 

13.  The  weight  of  the  balance,  the  ftrength  of 
the  fpring  and  time  of  vibration  being  the  fame,  is 
inverfely  as  the  fquare  of  the  diameter. 

Hence  a  large  balance  vibrating  in  the  fame  time,  with 
the  fame  fpring,  will  be  much  lighter  than  a  fmall  one. 

14.    If 
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14.  If  the  rim  of  the  balance  be  always  of  the 
fame  breadth  and  thickncfs,  fo  that  the  weight 
fliall  be  as  the  radius,  the  ftrength  of  the  fpring 
muft  be  as  the  cube  of  the  diameter  of  the  ba- 
lance, that  the  time  of  vibration  may  continue 
the  fame. 

For  7'«::^2^,but»^::r,  therefore  T^  ::^;and 
A  A 

T^  being  given,  A  : :  r*. 

15.  If  a  balance  be  made  with  two  balls  joined 
by  a  rod,  and  the  weights  and  diilances  of  thefe 
balls  from  their  common  centre  of  motion  be  une- 
qual, but.fuch  that  each  feparately  would  vibrate 
in  the  fame  time  j  the  centre  of  gravity  of  thefe  - 
balls  will  not  ooincide  with  their  centre  of  mo- 
tion, nor  will  they  poife  each  other. 

For  to  make  this  equilibrium,^  fliould  be  inverfely  as  f*; 
whereas  to  preferve  the  times  of  their  vibration  the  (ame^ 
^muft  be  inverfely  as  r«. 

16.  The  momentum  of  the  balance  is  increafed 
better  by  increafing  its  diameter  than  its  weight. 

It  is  better  to  increafe  the  momentum  by  increafing  the 
velocity  than  the  weight,  becaufe  the  velocity  does  not 
increafe  the  fri£tion  as  much  as  the  weight  Now  the 
number  of  vilH-ations  being  given,  the  velocity  may  be  in- 
creafed either  by  increafing  the  arc  of  vibration,  or  in-* 
creafii^  the  diameter  of  the  balance ;  the  latter  method 
is  preferablej  becaufe  the  velocity   is    thus  augmented, 

T  without 
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without  increaGng  the  fridion^  which  is  in  pro{K>Ttioii  to 
the  fpace  dcfcribcd  by  the  pivot^  the  weight  of  the  balance 
being  given. 

1 7.  A  ftronger  b^Iance-fpring  is  preferable  to  a 
weaker. 

Becauie  the  force  of  this  fpring  upon  the  balance  re- 
maining the  fame,  whilft  the  difturbing  force  varies,  the 
iferrors  arifing  from  the  variation  will  be  Icfs,  as  the  faed 
force  is  greater. 

18.  The  longer  a  detached  balancie  continues  its 
motion  the  better. 

Becaufe  i^.  Tlie  fridion  in  this  cafe  is  lefs,  and  there* 
fore  the  natural  ifOchrOnifm  of  the  vibration  is  lefs  diftur- 
bed.  2diy.  When  applied  to  the  t«ratch,  it  requires  a  lefs 
maintaining  powef,  and  therefore  the  variations  in  the  in- 
tenfity  of  the  maintaining  power  will  be  ltsf».  3^17.  The 
maintaining  power  being  lefs>  the  fri£bion  of  the  wheelwoifc 
will  be  lefs,  and  therefore  the  motion  more  regular. 
jfidy.  The  preiTure  on  the  efcapement  will  be  lefs»  and 
therefore  the  ofcillations  of  the  balance  lefs  difturbed^ 

19.  The  greater  is  the  number  of  vibrations 
performed  by  a  balance  in  a  given  time,  the  Icfe 
fufceptible  is  it  of  external  agitations. 

20.  Slow  vibrations  are  preferable  to  quick  vi- 
brations :  but  there  is  a  limit  ^  for  if  the  vibrations 
be  too  flow,  the  watch  will  be  liable  to  flop. 

If  we  regarded  only  the  effe£l  of  external  agitations,.ba- 
knces  that  vibrate  quick  (hould  be  preferred  to  fiich  as 
vibrate  flow  5  but  they  arc  attended  wiph  two  inconvenient 
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cies,  greater  than  that  which  we  would  avoid :  ift.  In  two 
balances  of  the  fame  weight  and  diameter,  the  friction  on 
die  pivots  increafes  with  the  number  of  vibrations  .  2^r. 
It  appears  by  experience  that  the  motion  of  the  fame  de-^ 
t^ched  balance  continues  longer,  when  its  vibrations  arc 
iloyv,  than  ^hen  they  are  quick. 

21.  A  balance  (hould  defcribc  as  large  arches  as 
poffible,  as  fuppofe  240P,  260P,  3000,  or  an  entire 
circle. 

Firft,  becatife  the  momentum  of  the  balance  is  thus  in-p 
creafed ;  and  therefore  the  inequalities  in  the  force  of  the 
maintaining  power  bear  a  lefs  proportion  to  it,  and  of  con- 
fequence  will  have  lefs  influence.  2dly.  The  balance  is  lefs 
fiifceptible  of  external  agitations.  3^ly.  A  given  variation 
Ml  the  extent  of  the  vibrations  produces  a  lefs  variation  in 
the  going  of  the  machine. 

But  care  muft  be  taken,  diat  in  thefc  great  vibrations, 
the  fpring  fhall  neither  touch  any  obftacle,  nor  its  fpires 
touch  each  other  in  contrafting. 

22.  The  times  of  vibration  in  larger  arches  are 
fometimes  (hortcr,  fometimes  longer  than  in  lefs 
arches. 

Mr.  Harrifon  was  the  firft  who  aflerted,  that  the  vi- 
brations in  larger  arches  are  performed  in  lefs  time  than 
in  fliorter  arches,  in  contradi£tion  to  the  opinion  generally 
held  by  philofophers  and  workmen  j  which  aflertion  ap-? 
pears  fometimes  to  be  true.  But  it  appears  by  experiment, 
that  tjie  claftic  fprccs  of  fpiral  fprings  deviate  from  the 

T  2 .  ifochronal 
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jfochronal  law  of  yariation  in  fome  cafes  by  falling  flioTt  of 
it^  as  well  as  in  others  by  exceeding  it, 

23.  A  uniform  fpiral  fpring  may  be  rendered 
perfedly  ifochronal  by  adjufting  its  length  and 
number  of  fpires. 

This  is  the  opinion  of  Mr.  Berthoud;  his  reafoning 
feems  to  be  this :  if  the  fpring  forming  a  fpiral  of  a  certain 
fpecies  be  fo  difpofed,  that  when  wound  through  different 
angles^  the  accelerating  elaftic  forces  of  the  fpires,  from 
the  centre  towards  the  circumference,  increafe  fafter  than 
they  ought  to  do  in  order  to  render  the  vibrations  ifochronal^ 
it  may  be  otherwife  fo  difpofed>  namely  by  making  the 
fpires  approach  more  nearly  to  eqi^ality  with  each  other  in 
fucceffion,  that  the  law  (hall  vary  in  fuch  a  manner,  as  ab- 
folute  ifochronifm  requires.  But  in  the  fame  manner  as 
the  fundamental  property  of  fprings^  namely  that  as  the 
tenfion  is,  fo  is  the  force^  is  determined  by  experiment^  fo 
muft  this  property  likcwife  be  afcertained  in  the  fame  man- 
ner. Accordingly  Berthoud  tells  us,  that  having  attached 
to  a  balance  a  fpiral  of  very  large  folds,  making  but  three 
turns,  and  whofc  diameter  was  15  lines,  the  angles  through 
which  itwas wound  being  fuccefEvcly  50,  jo^,  15^20^,25% 
30^,  SS*^*  4oS  4SS  ^o%  120^^  ^^^  counterpoifing  weights  in 
grains  were  loi,  21,  32,  42,  54,  65,  76,  88,  g^,  134,  278. 
The  fame  fpring  forming  very  fmall  fpires,  making  five  turns 
in  8  lines  diameter,  the  angles  through  which  it  was  wound 
being  the  fame  as  before,  the  counterpoifing  weights  were 
1 1,  22,  33,  45»  S^9  67>  1^9  89,  100,  133,  250  grains. 
Thefe  experiments^  he  tells  us^  were  made  with  great  care; 

and 
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am)  thej  (hew  that  the  fame  fpiral,  its  length  continiuiig 
unchangedy  when  folded  in  large  and  finall  fpires9  has  a  fuf- 
ficient  difitrence  in  its  progreffion  jSp  y^ry  its  ifochtonifioa : 
when  folded  in  large  fpires*  accor^ling  to  the  firft  experi* 
ment,  the  vibrationd  in  larger  arcs  are  accelerated ;  and  by 
the  fecond  experiment^  when  folded  in  narrow  fpires^  they 
arc  rendered  flowcr- 

24.  A  fpiral  fpring  may  be  rendered  ifpchronal 
by  a  proper  adjuftment  of  its  ftrcngth  and  thick- 
nefs  in  different  parts^ 

25.  A  fpiral  fpring  which  is  not  ifochronal,  may 
be  rendered  fuch  by  the  addition  of  two  auxiliary 
fprings,  wjiofc  points  of  quiefcence  are  properly 

adjufted. 

This  was  the  ingenious  inTcntion  of  Mr.  Mudge ;  the 
theory  of  which  conftru6Hon  is  delivered  in  the  Phil.  Tranf. 
for  the  year  1 794,  by  Mr.  Atwood^  with  his  ufual  accu* 
racy  and  perfpicuity. 

26.  The  influence  of  the  maintaining  power  on 
the  balance,  in  reftoring  the  motion  which  it  lofes 
by  friftion  or  otherwife,  may  be  either  conftant  or 
interrupted. 

This  depends  on  die  efcapement  ^  when  the  a£lion  of  the 
maintaining  power  is  conftant,  the  efcapement  is  called 
either  the  Recoil  or  the  Dead-beat  j  when  it  is  interrupted, 
the  efcapement  is  faid  to  be  Detached. 

27.  By  efcapement  is  underftood  the  means  by 
which  the  aftion  of  the  wheels  is  applied  to  main- 
tain 
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tain  ihe  vibration  of  the  balance  ;  and  it  confifts  of 
the  balance  wheel  and  pallets. 

28.  Pallets  are  fmall  plates  or  levers  attached  to 
the  axis  or  virge  of  the  balance,  which  receive  the 
impulfe  of-  the  balance  wheel  produced  by  the 
maintaining  power,  and  thus  continually  renew 
the  motion  whiph  the  balance  lofes  by  friction,  of 
other  refiflance. 

In  a  Recoil,  efcapement,  when  one  tooth  of  the  balance 
wheel  drops  oflF  the  firft  pallet^  the  other  afting  tooth  falls 
on  the  inclined  plarie  of  the  other  pallet,  which  meeting  it 
obliquely  caufes  the  balance  wheel  to  recoil,  from  which 
circumftance  this  efcapement  derives  its  name. 

In  the  Dead-beat  efcapement,  when  one  tooth  of  the  ba- 
lance wheel  drops  off  the  inclined  plane  of  the  firft  pallet, 
the  other  a6ling  tooth  immediately  falls  upon  the  convex 
furface'of  the  other  pallet,  which  furface  being  concentrical 
with  the  axis  of  the  balance,  the  wheel  continues  at  reft  un- 
til^ by  the  motion  of  the  pallet  or  cylinder,  the  inclined  plane 
of  the  tooth  comes  to  a£l  upon  the  face  of  this  latter  pallet 
or  edge  of  the  cylinder,  which  then,  by  its  preflure  on  thaf 
edge,  throws  the  cylinder  round,  and  thus  gives  motion  to 
the  balance ;  then  inftantly  entering  the  cavity  of  the  cy- 
)in|ier,  it  falls  upon  the  copcave  furface,  an^  fpr  the  fame 
reafon  as  before  continues  at  reft,  until  the  l^^lance  fpring 
drives  the  cylinder  round  ^n  a  contrary  dire£lion  to  what  it 
did  before,  fo  as  that  the  inclined  plane  of  the  tooth  may  a£t 
on  die  fccond  edge  of  the  cylinder ;  which  preffurc  throws 
the  cylinder  round  in,  the  contrary  dircftion,  4nd  the  tooth 

gets 
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gets  out  of  the  cavity,  and  at  that  inftaiit  the  fubfequent 
tooth  falls  upon  the  convex  furface>  and  fo  on.  From  the 
jquiefcence  of  the  balance  wheel  during  the  interval  of  time- 
that  elapfes  between  the  falling  of  the  adding  tooth  on  the 
furface  and  its  prefTure  on  the  edge  of  the  cylinder,  this 
efcapement  is  called  the  Dead-beat. 

In  the  Detached  efcapement  the  motion  of  the  maintain-- 
ing  power  is  fufpended  during  almoft  the  whole  time  of 
vibration ;  juft  at  the  end  of  the  return  of  the  balance  it 
unlocks  the  wheel-work,  and  a  tooth  of  the  balance  wheel. 
Immediately  a£ling  on  the  pallet,  reftores  the  motion  which 
the  balance  had  loft ;  and  having  given  its  impulfe,  the 
wheel-work  is  inftantly  locked  again,  and  the  balance  per- 
forms its  vibration  freely  and  difengaged  from  all  other 
parts  of  the  machine. 

29.  In  the  efcapenient  of  recoil,  the  vibrations, 
are  quicker  than  if  the  balance  or  pendulum  vi- 
brated freely. 

For  the  recoil  (hortens  the  afcending  pan  of  the  vibration 
by  contra£king  the  extent  of  the  arc;  and  the  rcaftion 
of  the  wheel  accelerates  the  defcendmg  part  of  the  vi- 
bration. 

30.  In  the  dead-beat  efcapement,  the  vibrations 
are  flower,  than  when  they  are  performed  in  a  de- 
tached ftate. 

For  the  preffure  of  the  tooth  on  the  furface  of  the 
cylinder,  retards  that  part  of  the  vibration  which  is  per^ 
formccf  while  the  cylinder,  by  the  motion  of  the  balance 
fpring,  revolves  fo  far  as  to  bring  the  tooth  to  the  edge  of 

the 
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the  cylinder:  and  if  die  nudntainiiig  power  be  incre^fed^  the 
preflbre  of  the  tooth  on  the  cylinder  may  become  fo  great, 
as  entirely  taftop  the  motion.  When  the  toolh  has  com* 
municated  its  impulfe  to  die  edge  of  the  cylinder,  it  moves 
almc^  freely  ^  and  as  the  tooth  does  not  yet  prefs  widi  its 
entire  force  on  die  next  furface,  the  cylinder  will  indeed 
defcribe  a  larger  arc,  add  therefore  on  diat  account  the  dme 
may  be  ihorteneds  but  when  it  has  confumed  all  the  impulfe 
of  the  wheel,  it  returns  by  the  fde  force  of  dafticity  $  now 
die  prefiiire  of  the  toodi  caufes  a  friftion  which  diminiflies 
the  tendoicy  to  return  to  tb^  point  of  reft,  fo  that  die  balance 
performs  its  vibrations  flower. 

31,  In  the  cfcapcmcnt  of  recoil,  if  the  main- 
taining powcf  be  increafed,  the  vibrations  will  be 
performed  in  larger  arches,   but  in  lefs  time, 

•Becaufe  the  greater  preflure  of  the  crown  wheel  on  the 
pallet  will  caufe  the  balance  to  vibrate  through  larger 
arches ;  and  die  time,  on  this  account  will  be  lefs  increafed, 
than  it  will  be  diminiflied  by  the  acceleration  of  the  balance 
by  that  preflure,  and  the  diminution  of  die  dme  of  re- 
coil. 

32.  In  the  efcapement  of  the  cylinder  or  dead- 
beat,  an  increafe  of  the  maintaining  power  ren- 
ders the  vibrations  larger,  and  at  the  fame  time 
flower. 

Becaufe  the  greater  preflure  of  the  tooth  on  the  edge  of 
the  cylinder  throws  it  round  through  a  greater  arch  ;  and 
its  increafed  preflure  on  both  furfaccs  of  the  cylinder  re- 
tards its  motion. 

33-  The 
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33.  The  efcapement  can  render  thofe  vibrations 
only  ifochronal,  whofe  inequality  proceeds  from  the 
maintaining  power,  and  not  fuch  as  are  produced  by 
external  agitations. 

34.  The  effeft  of  external  agitations  on  the  ba^ 
lance  may  be  counteradted  by  the  double  efcape- 
ment> 

In  this  efcapement  two  «qual  balaiu:es  are  fo  connected, 
that  they  vibrate  through  equal  angles,  but  in  contrary 
dire^ions ;  by  which  means,  the  one  muft  always  be  acce«- 
lerated  as  much  as  the  other  is  retarded  by  any  exter« 
nal  agitation.  But  as  Mr.  Cummins  obferves,  when  bar 
lances  are  connected  by  means  of  teeth,  there  arifes  a  refift- 
ance  which,  however  fmall,  when  applied  in  this  moft  de- 
Ikate  part,  will  tend  to  dimlnifh  the  momentum  of  the  ba« 
lances. 

35.  That  efcapement  is  bell  in  which  the  dura* 
tion  of  the  aftion  of  the  balai^ce  wheel  on  the 
paletts  is  leaft  with  refpedt  to  the  time  of  vibra^ 
tion. 

Hence  the  detached  efcapement  is  the  beft,  which  ap- 
pears to  have  been  the  invention  of  the  ingenious  artift  Mr. 
Thomas  Mudge,  who  made  a  watch  on  this  conftru£lion 
for  the  late  king  of  Spain,  Ferdinand  the  (JtH,  iij  jthe  year 

1755- 

36.  The  time  of  the  vibration  of  the  balance  is 
increafed  by  heat,  and  diminiftied  by  cold. 

Firft,  becaufe  the  length  of  the  fpiral  fpring  is  increafed 
by  heat,  and  therefore  its  force  diminiihed ;  and  the  con* 

U  trary 
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trary  by  cold,  ctdly.  The  diameter  of  the  balaoee  i$  iocrea^ 
fed  by  heat,  and  therefore  alfo  the  time  of  vibration  ;  and 
the  contrary  by  cold. 

37.  That  balance  is  the  mod  perfeft  which, 
without  the  compenfation  of  a  the^rmometer,  is 
moft  fubjeft  to  the  influence  of  heat  and  cold. 

Becaufe  the  obftru^bions  from  oil  and  fri£lion  a£l  as  a 
compenfation  to  the  expanfion  or  contra£lion  of  the 
(pring  and  balance )  therefore  that  balance  which  is  mo(( 
affcfted,  is  freeft  from  the  influence  pf  oil  and  fridion, 

38.  The  errors  in  the  going  of  a  watch,  arifing 
from  the  change  of  temperaturCj^  may  be  gorrcftcd 
by  varying  the  length  of  the  balance  fpring. 

NeverthelefS)  as  it  is  extremely  difficult  to  fovm  au  ifo« 
chronal  fpiral>  any  variation  in  its  length  i&  dangerous, 
becaufe  we  fliall  thus  probably  lofe  that  point  which  de« 
tcrmines  its  ifochrpnifm. 

39.  The  errors  in  the  going  of  a  watch,  occa- 
(loned  by  the  variation  of  temperature,  may  be 
correfted  by  varying  the  diameter  of  the  balance. 

Fig*  ai.  Thi$  xhay  be  effefted  by  dividing  the  rim  of  the 
balance  into  two  or  more  feparate  p9rts,/ir,,Z>'M,i25,  eacl\ 
pf  which  is  compofed  of  two  plates  of  metal  of  difiereolf 
expanfibility,  rivetted  together,  the  leaft  expanfible  being 
neareft  the  centre  /f,  and  carrying  at  one  end  K,  M^  $^a, 
weight ;  whiUl  the  other  is  cpnne£^e4  either  with  the  rim 
of  the  balance,  or  one  of  its  radii.  Now  if  the  tempera- 
ture incrcafe,  the  exterior  plate  expanding  more  than  the 
interior^  the  compound  will  t^ecome  more  concjive  towards 

tht 
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the  centre;  and  confequently  the  end  which  carries  the 
weight  will  approach  the  centre  of  the  balance,  and  on  that 
account  the  vibrations  will  be  rendered  quicker.  At  the 
root  of  each  thermometer  there  is  a  fcrcw,  /,  Z,  R,  by 
which  the  diameter  of  the  balance  may  be  increafed  or  di- 
minifticd,  fo  as  to  alter  the  time  kept  by  the  chronometer, 
without  interfering  with  the  adjuftment  for  heat  and  cold : 
and  if  the  magnitude  and  pofition  of  the  weights  be  properly 
regulated,  they  will  correft  the  error  arifing  from  the  va- 
riation of  the  diameter  of  the  balance,  caufed  by  the  va- 
riation of  temperature. 


U  z  LECTURE 
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LECTURE    XXIII. 


i.  If  the  force  of  gravity  were  conftant,  and  afted 
in  parallel  lines^  and  there  were  no  refiftance  from 
the  air,  a  body  thrown  in  any  oblique  diredion 
would  defcribe  a  parabola. 

2.  The  velocity  in  any  point  of  a  parabola  is 
equal  to  that  which  would  be  acquired  by  a  body 
falling  down  one  fourth  of  the  parameter  belonging 
to  that  point* 

3.  If  the  plane  from  which  the  body  is  projefted, 
and  on  which  it  falls,  be  the  horizon,  the  axis 
of  the  parabola  will  be  perpendicular  to  the  hori- 
zon ;  the  velocities  equal  at  equal  diftances  from 
the  principal  vertex ;  and  the  time  of  arriving  at 
the  vertex  of  the  parabola,  or  at  the  greateft  alti- 
tude, equal  to  half  the  time  of  the  flight. 

4« 
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4.  If  V  be  the  velocity  of  projeftion,  ^=  16  ^^ 
feet,  s  =  the  fine,  r  =  the  verfed  fine  of  double 
the  angle  of  elevation,  e  =  the  fine  of  the  angle  of 
elevation  to  radius  unity,  a  z=  the  amplitude  on  an 
horizontal  plane,  k  =  the  altitude,  /  =  the  time  of 

flight ;  then  will  a  = —  ;  A  =  •^-  ;  and  /  =  — . 

Hence  the  amplitude  is  greateft  at  the  angle  45^,  and 

:=  ^   $  aJfo  the  amplitudes  are  equal  at  angles  equally  above 
2g 

and  below  4^^, 

From  the  fmall  diftances  to  which  we  can  proje£b  bodies 
upon  the  earth's  furface,  the  variation  in  magnitude  of  the 
force  of  gravity  or  its  direftion,  will  not  fenfibly  aflFeft  the 
parabolic  trz£t  of  a  projeAile  y  but  the  deviation  caufed  by 
the  refiftance  of  the  air  is  fo  great,  that  no  pra£lical  con- 
clufions  can  be  drawn  from  this  theory. 

Mr.  Robins  obferves  that  a  241b.  ball,  impelled  with  its 
ufual  charge  of  powder,  meets  with  an  oppofition  from  the 
air  equivalent  to  4001b.  which  retards  the  motion  fo  much, 
that  the  range  at  an  elevation  of  45°.  would  not  be  above 
one-fifth  of  that  given  by  theory.  From  this  great  refiftance, 
the  amplitudes  are  not  proportional  to  the  fines  of  the 
double  elevation,  as  in  vacuo;  but  proportionably  greater 
for  lefs  than  for  greater  angles.  Neither  are  the  amplitudes 
equal,  which  are  obtained  in  elevations  equally  above  znd 
below  45°  5  thofe  which  are  correfpondent  to  the  fmaller 
angles  being  greater ;  the  angle  alfo  of  greateft  amplitude  is 
Bot  45  o,  but  much  lefs,  as  43®,  40°,  38°,  30^,  or  even  lefs 

in 
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in  very  great  velocities ;  neither  is  the  vertex  of  the  tFaje£tory- 
in  the  middle,  but  more  remote  from  the  point  of  proje&ion 
than  the  other  extremity ;  the  time  alfo  of  defcent  is  longer 
than  the  time  of  afcent ;  and  the  part  of  the  curve  through 
which  the  body  defcends  is  lefs  curved  than  that  through 
which  it  afcends* 

5.  If  a  ball  be  perfedVly  fpherical,  a  rotatory 
motion  round  any  axis,  during  its  flight  through 
the  air,  will  not  caufe  the  ball  to  deviate  from  a 
plane  perpendicular  to  the  horizon* 

Since  the  force  of  gravity  a£ls  always  in  a  dircftion  per- 
pendicular to  the  horizon,  a  body  projedled  in  any  direc- 
tion would,  if  unrefifted,  be  always  in  the  fame  vertical 
circle ;  but  Mr.  Robins  firft  difcovered  that  projefliiles  are 
not  only  deprefTed  beneath  die  line  of  projeftion,  but  de- 
fleded  to  the  right  or  left  of  that  direftipn  by  fome  other 
force.  This,  Mr.  Robins  fuppofed,  was  caufed  by  the  ro- 
tation of  the  ball  round  its  axis ;  which  rotation  combined 
with  its  progreffive  motion^  would  caufe  the  furfacc  of  the 
bullet  to  ftrike  againft  the  air  very  differently  from  what  it 
would  do,  were  there  no  fuch  rotation ;  but  Mr.  Eulcr  has 
demonftrated  in  the  following  manner,  that  thefe  two 
changes  fo  counteraft  each  other's  effe£ls,  that  the  aftion 
of  the  air  upon  any  point  of  the  ball,  fuppofmg  it  perfeftly 
fpherical,  is  the  fame  as  if  the  ball  had  no  fuch  rotatory 
motion : 

Fig.  22.  Let  a  plane,  reprefented  here  by  the  paper, 
touch  the  ball  in  the  point  J^  and  let  the  air  impinge  on 
thi§  point  A  in  the  dircdion  PJ.     Let;  PA  exprefs  the 

velocity 
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velocity  of  the  »ir,    and  from  the  point  P   let  fall  the 
perpendicular  P^  upon  die   tangent  plane,    and    draw 

If  the  ball  did  not  turn  round,  the  force  of  the  ftroke 

of  the  air  would  be  as  the  fquare  of  the  line  PA,  ex- 

prefling  its  velocity,  into  the  fquare  of  the  fine  of  the 

angle  PA^^  which  the   direfkion  of  the  air's  motion 

PA  makes  with  the  furface  of  the  ball  in  the  point  A^ 

PS 
Since  the  fine  of  the  angle  PA^  is  exprelTed  by  ■^*r» 


the  force  of  die  air  on  the  point  A  will  be  as  PA^  x  dJ^  » 

that  is,  as  P^t  But  if  the  ball  turn  round,  its  centre 
remaining  uHn>Qved»  the  point  A  can  have  no  other  nao^ 
tion  than  that  whofe  direflion  lies  in  the  touching  plane. 
Let  Aa  be  the  dir^diion  of  the  motion  of  the  point  A^  and 
let  Aa  exprefs  its  velocity  in  that  direfkipn,  with  which  it 
impells  the  tUx  \  the  effe£k  on  the  point  yf  is  the  fame,  aa 
if  the  point  A  were  at  reft,  and  the  air  befides  its  mo<- 
tion  in  the  direftion  PA^  had  alfo  a  motion  who£e  dire£lioa 
and  magnitude  were  denoted  by  the  line  Pp^  equal  and 
parallel  to  Aa  \  but  thefe  two  motions  are  equivalent  to  one 
motion  whqfe  direfkion  and  magnitude  are  expreiled  by 
Ap,  the  diagonal  of  the  parallelogram,  whofe  fides  are  PA 
and  Pp  \  therefore  the  a&ion  of  the  air  on'  the  point  A  will 
be  the  fame,  as  if  the  point  ftood  ft  ill,  and  the  air  ru{hed 
againft  it  with  the  velocity  pA  \  from  p  let  fall  the  per- 
peo4icular  /jf  on  the  tangent  plancj  and  the  force  of  th^ 
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zit,  in  this  cafe,  will  be  equal  to  pA'^  X-^  =  P^»,  tho 


fame  quantity  as  before. 

6.  If  a  ball  be  perfedtly  fpherical,  the  centre 
of  gravity's  not  coinciding  with  the  centre  of  mag- 
nitude will  not  caufe  any  deviation  in  its  courfc. 

From  the  two  laft  articles  it  appears,  that  the  deviation 
of  a  bullet  from  the  vertical  plane  is  produced  by  its  not 
being  perfe£lly  fpherical.  For  if  the  bullet  be  irregular  in 
its  figure,  and  have  a  rotatory  motion,  and  the  axis  of  ro- 
tation does  not  coincide  with  the  line  of  flight,  the  refif* 
tance,  which  the  irregularity  of  the  furface  produces,  will 
caufe  the  ball  to  deviate  from  the  courfe  in  which  it  would 
otherwife  have  continued.  For  fince  the  air  is  condenfed 
before  the  ball,  any  part  projedling  from  the  fpherical  fur- 
face  of  the  ball,  will  meet  with  a  greater  refiftance  in  the 
denfer  medium  before  the  ball,  than  in  the  rarer  medium 
behind  it ;  therefore  the  tendency  that  it  has  to  recede  in  the 
dire£lion  of  the  tangent,  by  the  reaftion  of  the  denfer 
part  of  the  medium,  will  not  be  correfted  by  the  con- 
trary rea£lion  behind  the  ball  5  it  will  therefore,  by  this  re- 
adlion  compounded  with  the  dire£t  motion  of  the  ball,  de- 
fcribe  an  intermediate  line,  deviating  more  or  lefs  from  the 
direft  courfe. 

The  only  cafe  in  which  the  rotatory  motion  produces  na 
error,  is  when  the  axis  of  rotation  coincides  with  the  line  of 
the  bullet's  flight;  becaufe  though  by  the  cafual  irregularity 
of  the  foremoft  furface  of  the  ball,  or  any  other  accU 
^t,  the  refiftance  ihould  be  greater  on  one  fide  than  on 

another ; 
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another;  yet  as  the  place  where  this  greater  refiftance  a£ls» 
muft  perpetually  ihift  its  poiition  round  the  line  in  which 
the  bullet  flies,  the  dire£Hon  which  this  inequality  would 
occafion,  if  it  afied  conftantly  with  the  fame  tendency,  is 
now  continually  re£tiiied.  Hence  the  ufe  of  rifled  barrels, 
whofe  eflre£t  is  to  render  the  axis  of  rotation  of  the  bullet 
coincident  with  the  line  of  flight. 


LECTURE 
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LECTURE    XXIV. 


1.  W  HEN  a  body  in  free  fpace  defcribes  a  curVc 
teturning  into  itfelf^  the  centripetal  force  is  equal 
to  the  centrifugal  force  ;  and  they  are  called  by  one 
con\mon  name,  Central  Forces. 

Every  body  that  defctites  a  cutvc  is  aftcd  on  by  two  forces, 
a  projeftile  and  centripetal  force  5  the  projeftile  force  is 
that,  with  which  the  body  would  run  out  in  a  tangent  to 
its  orbit,  if  there  were  no  centripetal  fotce  to  prevent  it  ; 
and  the  centripetal  force  is  that  which,  conftantly  a£ling  on 
the  body,  turns  it  from  its  reailineal  courfe,  and  bends  it 
into  a  curve. 

The  centrifugal  force  is  the  force  by  which  the  body 
would  be  carried  off  from  the  centre,  were  it  not  prevented 
by  the  centripetal  f6rce  5  and  therefore  the  centrifugal  and 
centripetal  forces  are  always  expreffed  by  the  fame  line. 

2.  When 
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2.  When  a  body  revolves  on  an  axis,  the  cen- 
trifugal force  of  any  of  the  particles  may  be  to  the 
centripetal  in.  various  aflignecj  proportions  of  ine- 
quality. 

For  though  the  centrifugal  force  is  in  this  cafe  meafure4 
by  the  nafcent  fubtcnfe  of  the  angle  of  contaft,  the  cen- 
tripetal force  is  not. 

3.  The  centripetal  and  projeftile  forces  are  he- 
terogeneous, and  cannot  be  compared. 

For  the  a£tion  of  the  one  is  inccffant,  and  of  the  other 
impulGve, 

Fig.  23.  Let  a  body  move  in  the  circle  Abd^  the  centri- 
petal force  is  to  the  projeftile  as  Bb,  the  fubtenfe  of  the 
eiranefcent  angle  of  conta£k^  to  the  tangent  AB,  or  as  Aa 
to  abft  that  is,  as  the  ev^nefcent  chord  Ab  to  bd ;  or  ulti-* 
mately,  as  the  nafcent  chord  Ab  to  the  diameter.  There* 
fore  the  projef^ile  force  is  indefinitely  greater  than  the  cen- 
tripetal. In  faQ:  thefe  forces  differ  in  the  fame  manner  a^ 
preffure  and  momeptum-  Hence  therefore  it  feems  impro- 
per to  fay,  that  the  centrifugal  force  is  part  of  the  pro- 
jediile ;  whereas,  in  truth,  i^  is  no  other  than  the  meafure 
of  the  force,  by  which  the  body  continually  endeavours  tp 
recede  from  a  point  not  in  the  line  of  projeftion. 

4.  Bodies  which  are  retained  in  curves  by  a  force 
tending  to  a  given  centre,  defcribe  areas  propor- 
tional to  the  times  round  that  centre. 

5.  Bodies  agitated  by  a  centripetal  force  defcribe 
curves  goncave  towards  the  centre  of  force. 
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It  docs  not  neceflarily  follow,  that  the  centripetal  force 
Ihottld  caufe  the  body  always  to  approach  the  centre ;  it  may 
continue  to  recede  from  the  centre  of  force^  notwithfland- 
ing  its  being  drawn  by  that  force ;  but  this  property  muit 
always  belong  to  its  motion,  that  the  line  which  it  defcribes 
be  concave  towards  the  centre  to  which  the  force  is  dire^ed. 

6.  The  plane  of  the  curve  pafles  through  the 
centre  of  force. 

7.  A  body  which  moves  in  a  curve  and  defcribes 
areas  proportional  to  the  times  round  any  pokt, 
is  aftuated  by  a  central  force  tending  to  or  from 
that  point. 

8.  Central  forces  arc  as  the  vcrfed  fines  of  the 
arcs  defcribed  in  equal  times,  which  converge  to 
the  centre  of  force,  and  bifeft  the  chords,  ¥^hen 
thofe  arcs  are  diminifhed  indefinitely, 

9.  The  projcftile  velocity  in  any  point  of  a  curve 
is  reciprocally  as  the  perpendicular  let  fall  from  the 
centre  of  force  on  the  tangent  to  that  point  of  the 
curve.  , 

10.  The  angular  velocity  at  the  centre  of  forcq 
is  reciprocally  as  the  fquare  of  the  body*s  diftancc 
from  that  centre. 

11.  In  a  circle  the  velocity  is  iiniforra,  if  the 
centre  of  force  coincide  with  the  centre  of  the  circle* 

12.  If  bodies  defcribe  the  peripheries  of  circles 
tvith  a  uniform  motion^  the  centripetal  forces  tend 

*       '     '  to 
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to  the  centres  of  the  circles,  and  are  to  each  other 
as  the  fquares  of  the  arcs  defcribed  in  equal  times, 
applied  to  the  radii  of  the  circles. 

13.  The  central  forces  are  alfo  as  the  fquares 
of  the  velocities  direftly,  and  the  radii  of  the  cir- 
cles inverfely. . 

14*  The  central  forces  are  alfo  in  a  ratio  com* 
pounded  of  the  ratio  of  the  radii  direftly,  and  the 
duplicate  ratio  of  the  periodical  times  inverfely. 

Hence  ve  may  compare  the  central  force  of  a  body  re^ 
volving  in  the  periphery  of  a  given  circle  with  the  force 
pf  gravity,  by  finding  the  periodical  time  of  a  body  pro- 
jc£ted  fo  that  its  centripetal  force  near  the  furface  of  the 
earth  may  be  equal  to  the  force  of  gravity;  for  as  the 
Tadius  of  the  given  circle^  divided  by  the  fquare  of  the  pe-e 
Tiodical  time  in  that  circle,  is  to  the  radius  of  the  earth 
divided  by  the  fquare  of  the  periodical  time  found,  fo  is 
the  central  force  in  the  given  circle  to  the  force  of  gravity: 
let  r  be  the  radius  of  the  given  circle,  /  the  periodical 
time  in  that  circle ;  d  the  diameter  of  the  earth,  p  =: 
3.  1 41 6  the  periphery  of  a  circle  whofe  diameter  is  unity,  g 
the  fpace  defcribed  by  a  falling  body  in  one  fecond ;  then  is 
g  Ukewife  the  fubtenfe  of  an  arc  defcribed  in  a  fecond  of 

time,   which  arc  is  therefore  =  vrfj:  5    therefore  \/^g 
:^,the  circumference  of  the  earth : ;  i":  — rr,  which  is  the 

periodical  time  of  a  body  revolving  at  the  earth's  furface^ 

with 
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with  a  centripetal  force  equal  to  t6c  force  of  gravity; 
therefore   the  central  force  is  to  the  force  of  gravity : : 

-!!£_-:  I  : :— ! — Z —  :i.    Thus  if  a  ball  of  one  ounce  tied  to 

a  ftring,  be  whirled  about  In  a  circle  whofe  radius  is  z  feet, 
and  it  defcrlbe  the  periphery  in  4  a  fecond,  the  centrifugal 
force  is  to  the  force  of  gravity,  as  9.81 7  to  i';  and  therefore 
the  force,  with  which  the  ftring  is  ftretchcd,  is  10  ounces 
nearly. 

15.  The  central  forces  are  as  the  diftaaces  and 
quantities  of  matter  direftly,  and  inverfely  as  the 
fquares  of  the  periodic  times. 

For,  the  quantity  of  matter  being  difFerent,  and  every 
thing  elfe  given,  the  central  force  is  to  the  force  of  gravity 
in  a  given  ratio  ;  but  the  force  of  gravity  is  as  the  quantity 
of  matter  j  and  if  the  quantity  of  matter  be  the  fame,  and 
the  other  quantities  varied,  the  central  forces  are  as  the 
radii  direftly,  and  the  fquares  of  the  times  inverfely. 

16.  If  the  fquares  of  the  periodic  times  be  as 
the  cubes  of  the  diftances,  the  central  forces  will 
be  as  the  quantities  of  matter  (lireftly,  and  inverfely 
as  the  fquares  of  the  <;iiftances, 

17.  If  two  bodies  revolve  round  their  common 
centre  of  gravity,  they  will  fuftain  each  other,  and 
continue  at  the  fame  diftance  from  each  other, 
however  great  their  velocity  may  be.  But  if  they 
jrcvolve  round  any  other  point,  that  body  whofe 

centrifugal 
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centrifugal  force  is  greater,  will  carry  oflT  the  other 
with  it. 

18.  If  a  body  projeAcd  in  i  giren  direftioh  be 
conftantly  drawn  towards  two  fixed  points,  which 
^i*e  not  both  in  the  fame  plane  with  the  direftion, 
it  will  defcribe  equal  follds  in  equal  times  about 
the  right  line  joining  the  faid  points. 

Fig.  24.  Let  the  time  be  divided  into  any  number  of 
equal  parts,  and  in  the  firft  moment  let  it  defcribe  thd 
line  -^^;  in  the  fecond  moment,  if  not  prevented,  it 
ttrould  proceed  to  defcribe  the  line  ^T  equal  to  ^^  hut 
at  ^  it  is  a£ted  on  by  centripetal  forces  tending  to  the 
centres  C  and  3^  let  thefe  forces  be  exprefled  by  the  lines 
^S,  ^F^  which  would  be  defcribed  by  them,  while  the 
body  would  be  canicd  from  ^  to  T',  complete  the  parallel- 
epiped whofe  fides  are  the  lines  .^S,  ^F,  ,^j  the  body 
by  the  joint  a£tion  of  thefe  forces,  will  defcribe  ^/),  the 
diagonal  of  the  parallelepiped.  But  the  folid  ^CBA±=, 
^CBT",  becaufc  they  ftand  on  the  fame  bafe  ^C5,  and 
have  the  fame  altitude  (for  the  right  line  TA  cuts  the 
J>lane  ^J3A  in  ^,  and  T^-^A) ;  alfo  the  folid  ^CBt 
=z^CBDf  becaufc  they  ftand  on  the  fame  bafe,  and  are 
between  the  fame  parallel  planes  ^CB^  DT,  In  the  famtf 
manner  it  is  manifeft,  that  equal  folids  will  be  defcribed. 
In  other  equal  moments  of  time,  round  the  fame  points. 
Therefore  if  the  number  of  parts  of 'time,  and  of  the  right 
lines -rf^  ^Dj  be  indefinitely  increafed,  the  path  of  the  body 
will  ultimately  become  a  curve,  and  the  body  impelled  by 
continued  forces  will  defcribe  round  the  points  C,  J?,  folids 
ptdportioQal  to  the  times. 

Convcrfelj 
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Convcrfcly,  if  thcfe  foHds  ^CBA  ^CBD  dcfcribcd  in 
equal  times  be  equal^  the  line  TD  yitiH  be  parallel  to  Ae 
plane  ^B  5  and  therefore  the  body  will  be  urged  by 
forces  ^5,  ^  tending  to  the  points  C,  B. 

'The  law  here  bid  down  explains  the  motion  of  the 
moon  and  fatcllites,  which  are  attradled  towards  two  differ- 
clit  centres. 

19.  When  different  bodies  are  carried  round  in 
a  vortex,  the  matter  of  whidi  is  dcnfer  than  the 
bodies,  they  will  continually  approach  the  centre 
of  force  in  a  fpiral  line ;  if  it  be  not  fo  denfc,  they 
will  recede  from  the  centre  in  a  fpiral ;  if  it  be  of 
the  fame  denfity,  they  will  defcribe  concentric  cir- 
cles, and  their  periodic  times  will  be  equal. 

20.  If  a  rigid  ring  endeavour  to  recede  from  a 
plane  pafiing  through  the  centre  of  the  ring,  by 
revolving  on  its  diameter,  which  is  the  common  in- 
terfeftion  of  the  circle  and  the  plane,  the  fum  of 
the  centrifugal  forces  with  which  all  the  particles 
in  the  rin^  endeavour  to  move  the  plane  of  the 
circle  about  its  diameter,  will  be  to  the  fum  of  the 
forces  of  all  the  particles  colleded  in  the  point 
which  is  fartheft  from  the  plane,  as  i  to  2. 

See  Newton's  Princip.  Lib.  3.  Lemma  r. 

21.  If  a  rigid  ring  nqN^  revolve  with  two  mo- 
tions, one  in  its  own  plane,  and  the  other  about 
the  diameter  ^Tq ;  and  if  a  motive  force  ading  at 

the 
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the  poifit  D  be  fuppofed  equivalent  to  the  whole 
motive  force  adiog  upon  the  ring ;  then  half  this 
force  is  efficacious  in  accelerating  the  motion  of  the 
point  ^,  in  a  dire&ion  perpendicular  to  the  plane 
of  the  ring,  and  the  other  half  is  confumed  in 
eounterading  the  centrifugal  force,  arifing  from  the 
motion  of  the  particles  of  the  ring  about  a  mo- 
mentary axis  PTp. 

Fig.  25.  For  in  the  great  circle  nh^  let  a  point  h  be 
taken  indefiniteljr  near  to  n^  and  in  the  ring  a  point  V  fo 
that  nh  and  ^r  may  reprefent  the  angular  velocities  about 
^e  diameter  and  centre  of  the  ring. 

Let  d  and  c  reprefent  thofe  velocitie$,  and  r  the  radius 
of  the  ring.  Draw  rs  perpendicular  to  the  plane  of  the 
ring,  and  meeting  the  great  circle  h^  in  /  \  then  will  rs 
reprefent  the  accelerating  force  of  the  point  ^  perpendi- 
cular to  the  plane  of  the  ring  j  but  rs  :  nh  ; :  j^r  :  rad.  (r) 

therefore  r/  =  —  j  and  if  i?  be  =?  the  matter  in  the  ring, 

the  whole  efijcacious  motive  force  5=  —  X  iR- 

r 

The  momentary  axis  PTp  is  in  a  plane  perpendicular  to 
the  plane  of  the  ring,  and  paffing  through  ^q ;  make  PT 
=  radius  of  the  ring,  and  draw  Pr  perpendicular  to  ^^, 
The  velocity  of  the  point  P  in  a  circle  parallel  to  nhy  in 
confequence  of  the  motion  about  the  diameter,  is  to  the 
velocity  of  n  in  the  circle  nh^  a^  the  radii  of  thofe  cir-^ 
cles,  or  as  Pr  to  radius,  and  tlierefore  is  =z  dy,Pr  divided 
by  ira4ius.     Jn  like  manner^  th^  velocity  of  -P,  in  confe- 

Y  qucnce 
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quencc  of  the  hiotion  round  the  centre,  is  to  the  velocity 
of  ^in  the  plane  of  the  ring,  as  Tr  to  radius,  and  there- 
fore is  =  cxTr  divided  by  radius;  but  fince  P  is  the  ma^ 
mentary  pole,  and  therefore  quicfcent,  thefe  two  motions 

are  equal  5  and  therefore  c:d::  PriTr:  or  Pr=z 


and  Tr  =?   —  .     In  fig.  26.  let  PT  rcprefent  the 

momentary  axis,  and  ^EN  a  quadrant  of  the  ring ;  fromr 

.  any  point  E  of  the  ring  draw  Ev  perpendicular  to  PT^ 

and  vw  perpendicular  to  ^T.    The  centrifugal  force  of 

£  :  centrifugal  force  oi  N  :  :  Ev  :  NT^  or  the  centrifugal 

Ev         c^+d^ 
force  of  jE  =;  centrifugal  force  of  ^  X  -^.^ —  3=  — i-i — 

ivy  r 

£^  . 

X  particle  E  x  -^r,  becaufe  the  velocity  of  ^=  ^c^+d^. 
But  the  efficacious  part  of  this  force,  in  a  diredion  per- 
pendicular to  the  plane  of  the  ring  =  whole  X  -_r-  >  and  a 

Ev. 

force  acting  at  ^  equivalent  to  this  =  the  whole  X 

Ev 

X  E  X cr^r^-T^r     ^^^  ^f  g'^^^^  circles  be  coi\ceived 

drawn  through  P,  ^,  and  P,  E,  (by  Sph.  Trig.)  cof. 
PE  (vT )  X  Rad.  {T^)  =  cof.  P^  {Tr)  X  cof.  ^ 
(Tjf).  Therefore  a  motive  force  at  ^,  equivalent  to  the 

motive 
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motive  efficient  centrifugal  force  of  £  = -X-EX 

— T^^ 'V~^^^;m^    2-^*     ^ 

jE  X  -crW »  <^hcrefore  the  fum  of  all  thefe  quantities  =  the 

jmotive  force  at  ^  equivalent  to  the  fum  of  all  the  efficient 
.centrifugal  forces,    or   the    centrifugal  force  of  the  ring. 

But  tlie  fum  of  all  thefe  quantities  =  —  X  i  i?,  becaufe 

the  fum  of  all  the  fquares  of  the  fines  Tx  in  a  circle  is  to 
the  fum  of  the  fquares  of  as  many  femi-diameters  T^y 
as  I  to  2. 

Hence  the  motive  force  at  ^equivalent  to  the  fum  of  all 
Ihe  efficacious  centrifugal  forces,  is  exprefled  by  tlic  fame 
quantity  as  the  force  at  ^  equivalent  to  the  whole  motive 
•efficacious  force  on  the  ring.  This  elegant  demonftration 
'is  Mr.  Brinklcy's.  See  Vol.  7.  Tranf.  R.  Irifli  Acad. 
•  On  this   propofition  depends  Mr.  Landen's   ingenious 

detcftion  of  Newton's  error  in  calculating  the  preceffion  of 

the  Equinoxes, 


Y  2  LECTURE 
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Lecture  xxv. 


<^  lo  produce  the  motidn  of  a  rtiacliine,  the 
power  rhuft  exceed  the  weight  j  under  which  is 
comprifed  fridtiqn,  the  figidity  of  ropes,  and  the 
inertia  of  the  parts  of  the  machine. 

2.  If  a  cylinder  whofe  weight  is  w  revolve  round 
its  axis  by  the  aftion  of  a  force  p  applied  to  the 
circumference,  the  fpace  defcribed  in  /  fcconds  will 

2p 
^  2p  +  W 

Fig.  27*  Let  DES  be  the  cylinder,  revolving  on  its  axis 
S,  by  the  a£lion  of  p  on  the  point  D,  and  let  A  be  the 
centre  of  gyration  •,  the  inertia  of  the  matter  of  the  cylinder 
whofe  weight  is  nvy  is  equivalent  to  the  mafs  w,  colied-ed 
in  the  point  Ay  and  this  will  be  aquivalent  to  the  weight  a^ 

X  -J-  colle£kcd  in  the  point  D  (Art,  22.  Left.  19.)=^  w, 

becaafe 
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becaufe  SA  = •    But  the  accelerating  force  is  equal  to 

the  moving  force  p  divided  by  the  weight,  that  is  z=— 

If  ^  be  a  weight  poflefling  inertia,  this  inertia  mnft  be  added* 
to  the  mafs  moved,  and  the  accelerating  force  will  then  bo 

-^=-^^iandS=irt^X-^    , 
p+hv       ip-\^'uf  ^     ^2,p-\'w' 

3.  If  two  bodies  p  and  w  hang  over  a  fixed  pulieyy 
of  which  p  is  the  greater,  then  will  the  fpace  dp- 

fcribed  5  =  ^-j—   x  gi'^y  the  inertia  of  the  pulley 
not  being  confidered ;  and  the  velocity  of  the  powea 

and  weight  =  2jf/  x  —, —  • 

^  ^        p+w 

For  p — w  is  the  moving  force  =  itf,  and  p+tv  the  quan-<^ 
tity  of  matter  moved  =  ^^  but  S  =  -^  X  gt^  v  and  J^ 

If  the  pulley  be  a  cylinder  whofe  weight  ia  ^  its  inertia 
will  be  the  fame,  as  if  i  ^were  uniformly  accumulated  iit 
its  circumference;  therefore  the  accelerating  force  will  bn 

4.  If  a  weight  w  is  to  be  raifed  by  a  power  p,  by 
means  of  a  fixed  and  moveable  pulley,  then  will 
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5  =t  ^'^^^  X  P/*,  the  inertia  of  the  parts  of  the 

machine  not  being  confidered. 

•  Since  the  weight  w  afts  againft  p  with  a  force  =  4  «;, 
the  whole  moving  force  =^ — Jw;  and  fince  the  weight 
w  moves  with  a  velocity  only  one-half  of  that  with  which, 
p  moves,  its  inertia  referred  to  /)'s  motion  will  be  iw; 
therefore  the  inertia  of  the  whole   mafs  zz:  p-^-w^  and  S 

If  the  pullies  be  cylinders,  and  tlie  weight  of  each  =  ^, 
the  inertia  of  the  fixed  pulley  will  be  =^  §  ^  by  Art.  2; 
the  inertia  of  the  moveable  pulley  will  alfo  be  the  fame,  as 
if  4  .^were  accumulated  in  its  circumference  v  and  fincc 
the  velocity  of  the  circumference  is  to  that  of  ^  as  2  :  r,  its 

inertia  will  be  equivalent  to  a  mafs      ^    moving  with  the 

2X4 
ydocity  of  /».  See  Art.  22.  Led*  19.     Hence  the  whole  mafs 

moved  will  be=^+iwH-.4^+i^=  ^J+J^±}^^ 

o 

and  the  accelerating  force  = -l7I^!?_  =:  Fj  and  the 

fpace  defcribed  by  ^  from  reft  in  t  feconds  =  gt^xP- 

5.  If  a  body  is  to  be  raifed  a  given  height  by 
means  of  an  inclined  plane,  by  a  given  power,  the 
time  of  its  afcent  will  be  the  leaft  poflible,  when 
the  length  :  height  :  :  twice  the  weight  to  the 
power. 

Fig.  7». 
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Fig.  28.  Let  AB  the  length  of  the  plane  =  x,  the  given 

height  =/j;  the  force  of  defcent  along  the  plane  is  =  — w, 

therefore  the  moving  fore?  =  /  —    -  vj\  and  the  acccleratr 

px — wa  i^ 

ine  force  =       — , —  .      Now  the  time  =  */  — ^^  =; 


— ^  a  minimum, or- a  muiimum.    Therefore 

Q.XXXpX 'Wa pXX^  r      rs' 

=£?5   but  when  a  fraction  vaniiheSy 

px — wa\ 

its  numerator  =  0  \  hence  2^x*  —  2awx  —  px^  =  0^  q^ 
px'^  =  7.awx ;  therefore  ;c  :  a  :  :  2w  :  p. 

See  a  very  elegant  Geometrical  demonftration  of  thi»pr<i- 
pofition  in  Madaurin's  View  of  Newton's  Difcoveries,  B.  2., 
di.  3. 

6.  Ma,  ^  be  the  diftance^  of  the  power  and 
weight  from  the  fulcrum  C  of  the  lever  pWy  then 
will  the  initial  velocity  of  the  power   =    2gt  x» 

- --T — TT  X  a,  the  weight  and  inertia  of  the  lever 

itfelf  not  being  confidered. 

Fig.  29.  If  the  power  and  weight  were  equ^l,^  would  be 

equal  to_  ;  the  poorer  therefore  which  moves  the  lever  will 


be  zr  ^ *   Since  this  power  applied  to  the  poijit  /  accc- 

.0         ■ 

lerates 
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lerates  the  mafles  p  and  ^,  the  mafs  to  be  fiibftituted  for 
io  in  the  point  /,  muft  be  =  — r— ,  in  order  that  this  mafs, 
at  the-diftance  a,  may  be  equally  accelerated  with  the  mafu 

L 

V)  at  the  diftancc  b.    The  power  therefore  p ,  will  ac- 

celcrate  the  quantities  of  matter  p  +  — i— >  and  tlic  acce- 

bnv 
derating  force  =   — p-—? IfLH^l^,     But  the  vclos 

pn^'-^wu 
If  tf  :  ^ : : «  :  I,  the  force  which  accelerates #  =  -r"*"! 

If  the  inertia  of  the  moving  force  be  alfo  :=  0,  as  in  muC» 
cular  action,  the  force  acceleratmg  p  will  be  =  — 

If  the  mafs  moved  has  no  weight,  but  poflefles  inertia 
only,  as  when  a  body  is  moved  along  an  horizontal  plane, 

pn^ 
the  force  which  accelerates ^  =     ^  ,; — • 

7.  The  velocity  of  the  weight  will  be  =  2gf  ^ 


8.  The  fpace  defcribed  by  the  power,  in  the  time 

.„  1  ,        po}  — wab 

U  will  be  =  r/?  X  -^--^ rrr- 

^  *  i^a^  +  wb^ 


9.  If 
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9.  If  a  and  b  denote  the  radii  to  which  the  power 
and  weight  are  applied  in  an  axle  in  the  wheel,  the 
momentum  communicated  to  the  weight  will  be  a 

maximum,  when  the  weight  =:^  X  ^/  .    +  -t — » 

^  b^      b^       b^ 

the  inertia  of  the  machine  not  being  confidered. 

For  the  velocity  of  the  weight  =:  7,gt  X  -  — t-\  and 
the  moment  generated  in  nvy  in  the  time  /,  will  be  expreiTed 

hy  ^sf  X   ^^      ~ >  and  as  this  is  to  be  a  maximum. 

we  have  *j3^« — 2i*a*/w— Mw*—^. 


1i a\h\\n\\y  w  =/  X  --y/w^  +  «3  —  «».     And  if  the 
radius  of  the  axle  be  «qual  to  that  of  the  wheel,  that  is,  if 

«  =  I,  the  weight  will  bc=j/X  v^2  —  i,  and  therefore 
will  be  about  j^^  parts  of  the  moving  force.  See  Atwood's 
Re£b.  Motion,  Page  249. 

10.   In 'any  machine,  the  weight  will  be  moved 
with  the  greateft  velocity,  when  the  velocity  of  the 


power  is  to  that  of  the  weight  as  i  +  ^ 


w 


the  inertia  of  the  machine  not  being  confidered. 

For  the  machine  may  be  confidered  as  reduced  to  a  lever 
whofe  arms  are  a  and  ^,  and  the  velocity  of  the  weight 

=  ^g^  X      :r-r r^>  ^  maximum,  where  b  is  variable ; 


putit8fluxion  =  .,andwehaTc«  =^:i±:i/EE!±EiE 

Z.  If 
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If  /  =  w,  that  is,  if  the  weight  moved  be  equal  to  the 
power,  then  aiin  i  -\-  ^'z  :  i^ 

1 1 .  If  motion  be  communicated  to  a  heavy  cy- 
linder whofe  weight  is  w  and  radius  r,  revolving  on 
its  axis  in  a  vertical  plane,  by  a  fmall  weight  p 
adting  at  the  diflance  d  from  the  axis,  and  the 
velocity  of  ^  be  v ;  the  momentum  of  p  detached, 
and  moving  with  any  other  velocity  Fy  will  be  to 
Its  momentum  when  attached  to  the  point  ^,  a^ 

Suppofe  ^  =:  I  oz.  or  nearly  die  weight  of  a  mulket  ball, 
F^r  1 700  feet,  or  the  greateft  velocity  with  which  a  muf- 
ket  ball  carl  move,  r  =  16  feet,  and  d^zi  foot,  then  will  w 
±z  li  p.  That  is,  if  the  wheel  be  feventeen  times  the 
weight  of  the  ball,  the  impafl  of  the  ball  when  attached  to 
the  point  d  of  the  wheel,  and  moving  with  the  velocity  of 
one  foot  in  a  fecond,  will  be  equal  to  the  utmoft  force  ef  a 
mufket  ball. 

But  fince  muiket  balls  produce  tJieir  efiefl  not  merely  by 
Inftantaneous  imparl,  but  by  penetrating  into  and  thtough 
fubftances,  and  therefore  the  time  of  their  a£^ion  is  to  be 
taken  into  the  account,  the  forces  will  be  as  the  fquares 

©f  the  velocities,  or  as  pV^  :  t;«  x  -^—  \  and  therefore 

when  they  are  equal,  in  the  above  cafe,  <i;  =  ^    ^^ = 

100 

57806/  z=.  3612  pounds.     See  Atwood  on  Red,  Motion 

pag.  264. 

12.  The 
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12.  The  time  in  which  a  given  weight/,  afting 
at  the  circumference  of  the  cylinder  whofe  radius  is 
r,  in  order  to  generate  the  velocity  v  in  the  point 

For  the  quantity  of  matter  moved  =  — ^— >l — L  =  i  w ; 
|he  accelerating  force  =  y^     j  but  when  the  velocity  of  d 

TV 

is  V,  the  velocity  of  r  will  be  -j-5  and  the  time  in  which 

the  above   accelerating   force  will   generate   the   velocity 

-?4!,  will  be  Zl    f±^.  Utd=i  foot,  r  =  ip  feet,  /= 
V  d  ^32if 

90  pound,  v=  I  foot  in  a  fecond,  and  «;  =  36 1 2,  then  will,thp 

time  = X  — ^ =  28"4  nearly.     So  that  if  a  man's 

32i  20  ^ 

arm  ading  at  the  circun^ference  of  the  cylinder,  could  exert 

a  force  equ^l  to  20  pound,  it  would  in  28''^  generate  fuph  4 

momentum  in  a  muiket  ball,  attached  to  the  radius,  at  the 

diftance  of  a  foot  from  the  axis,  as  would  be  equal  to  the 

force  of  a  muiket  ball  difchai^ed  with  its  utmoft  velocity. 

See  Atwood  ubi  fupra. 

13.  When  an  animal  moves  a  weight,  its  force 
is  as  the  fquare  of  the  difference  between  the  velo- 
city with  which  it  moves,  and  the  utmoft  velocity 
with  which  it  is  capable  of  moving,  when  not  im-» 
peded  by  any  weight. 

For  if  the  velocity  of  the  animal  were  equal  to  its  utmoft 

velocity,  it  would  have  no  force  whatever  to  move  the 

Z  2  weight  5 
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weight  I  it  is  therefore  the  difierence  between  thi$  Telocity 
and  that  with  which  it  adually  moves^  which  is  efficient  \ 
but  the  preflure  of  the  animal  againft  the  weight  it  fuppofed 
to  be  uniform  and  conftant  j  its  adion  therefore  is  analo- . 
gous  to  the  conftant  preflure  of  a  fluid,  which  is  as  the 
fquare  of  the  efficient  velocity. 

It  is  admitted,  that  the  prefliire  of  the  animal  is  not,  m 
fzGtf  aflually  uniform  during  the  whole  time  in  which  it 
fidis,  but  it  is  nearly  fo,  and  we  moft  make  the  hypothefis 
of  its  uniformity,  in  order  to  enable  us  to  approximate  to 
the  true  nature  of  its  zGtion^ 

14.  If  a  be  the  abfolute  force  of  an  animal,  e 
the  utmoft  velocity  with  which  it  can  move,  when 
not  impeded,  v  the  velocity  with  which  it  moves, 
when  impeded  by  the  weight,  then  will  its  force  p 

to  move  the  weight  be  =  ^  x  i [• 

Tor  a  :p : :  c — o^*  :  c — v,*,  therefore  f  z=:ax • 

i^.  The  utmoft  velocity  with  which  an  animal, 
not  impeded,  can  move,  is  to  the  velocity  with 
which  it  moves,  when  impeded  by  a  given  weight, 
as  the  fquare  root  of  its  abfolute  force  to  the  dif« 
ferencp  of  the  fquare  roots  of  its  abfolute  and  effi* 
cient  forces. 

For  I  -  :!i  =  ^4j  therefore  .  =  !:-^:^_^^ 

16.  The  force  of  an  animal  is  greateft,  when 
the  velocity  with  which  it  moves  is  one-third  of 

the 


Digitized  by  CjOOQ IC 


h*  25.  MECHANICS*  173 

the  greatcft  velocity  with  which  it  is  capable  of 
moving,  when  not  impeded. 

For  the  moment  of  the  animal  =  w  X  i-- —    » which 

c 

is  a  maximum,  when  v  =r  }  r. 

According  to  Euler,  the  force  of  a  man,  at  reft,  is  = 
60  pounds ;  and  the  utmoft  velocity  with  which  he  can 
move,  i«  6  feet  in  a  fecond.  Hence  the  greateft  force 
which  a  man  can  exert,  when  in  motion,  will  be  equiva- 
lent to  27  pounds ;  and  he  will  then  move  at  the  rate  of 
d  feet  in  a  fecond* 

The  ftrength  of  a  horfe  is  fuppofed  to  be  feven  times 
greater  than  that  of  a  man ;  and  therefore  =  420  pounds, 
when  at  reft ;  and  his  greateft  velocity,  at  a  medium,  is 
equal  to  12  feet  in  a  fecond ;  therefore  the  fnammum  of  his 
a£tion,  when  in  motion,  will  be  i86i  pounds ',  and  he  will 
then  moy^  at  the  rate  of  4  feet  in  a  fecond. 


LECTURE 
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LECTURE    XXVJ. 


I.  1  HE  refiftance  which  a  body  fuflfers  from  the 
fluid  medium  through  which  it  is  impelled,  de- 
pends on  the  velocitj%  form,  and  magnitude  of 
the  body,  and  on  the  inertia  and  tenacity  of  the 
fluid. 

Fluids  refift  the  motion  of  bodies  through  them,  ift.  By 
the  inertia  of  their  particles,  a^ly..  Py  their  tenacity  or 
adhefion  of  their  particles ;  and  3%.  By  the  friftion  of 
the  body  againft  the  particles  of  the  fluid.  In  ^ic&  fluids 
the  latter  caufes  of  refiftance  are  very  inconfiderable,  and 
therefore  are  not  taken  into  account ;  but  the  former  is 
very  confiderable,  and  it  obtains  equally  in  the  mod  per- 
feft  as  in  the  moft  imperfeft  fluids. 
-  2.  In  fluids  uniformly  tenacious,  the  refiftance 
is  as  the  velocity  with  which  the  body  moves, 

Sbce 
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Since  the  cohefion  of  the  particles  of  the  fluid  is  always 
the  fame  in  the  fame  fpace,  whatever  be  the  velocity,  the 
refifta&ce^  from  this  cohefion,  indll  be  as  the  fpace  defcribcd 
in  a  given  time^  that  is  as  the  velocity, 

3.  In  a  fluid  whofe  particles  move  freely  without 
difturbing  each  others  motions,  and  which  flows  in 
behind  as  faft  as  a  plane  body  moves  forward,  fo 
that  the  preflure  on  every  part  of  the  body  is  the 
fame,  as  if  the  body  were  at  reft^  the  refiflance 
will  be  as  the  denfity  of  the  fluid. 

4*  On  the  fame  bypothefis,  the  refiflance  will  be 
as  the  fquare  of  the  velocity- 

For  the  reiiftance  muft  vary  as  the  number  of  particles 
which  ftrike  the  plane  in  a  given  time,  multiplied  into  the 
force  of  each  againft  the  plane ;  but  both  the  number  and 
the  force  is  as  the  velocity. 

This  proof  fuppofes,  that  after  the  body  ftrikcs  a  par- 
ticle, the  a£kion  of  that  particle  entirely  ceafes  ^  but  the 
particles,  after  they  are  ilruck,  miril  necefiarily  be  made  to 
diverge,  and  a£t  upon'  the  particles  behind  them,  which 
makes  fome  difference  between  theory  and  experiment. 

5.  If  a, plane  furface  move  perpendicularly  for- 
ward, the  refiftance  will  be  as  the  area. 

6.  If  the  plane  move  obliquely,  the  refiftance, 
perpendicular  to  the  plane,  will  vary  as  the  fquare 
of  the  fine  of  the  angle  of  inclination. 

For  the  number  of  particles  which  ftrike  the  plane,  will 
be  diminiihed  in  the  ratio  of  radius  to  the  fine  of  inclina- 
tion. 
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tion,  zni  the  force  alfo  of  each  particle  will  be  diminiflied  in 
the  fame  proportion. 

7.  The  refiftance  of  the  fame  plane  in  the  direc- 
tion of  its  motion  will  vary  as  the  cube  of  the 
fine  of  the  angle  of  inclination. 

For  the  whole  refiftance  in  a  direSion  perpendicular  to 
the  plane,  and  which  is  exprefied  by  the  fquare  of  the  fine 
of  inclination,  is  to  the  refiftance  in  the  dire&ion  of  the 
plane's  motion,  as  radius  to  the  fine  of  inclination. 

8.  If  a  rectangular  plane  revolve  round  an  axis, 
and  m  and  n  be  the  diftances  of  the  fides  from  the 
axis  parallel  to  them,  of  which  m  is  the  lead,  then 
will  d  the  diftance  of  the  centre  of  refiftance  from  the 


axis  be  =   z^/n^  +  m^^xn-^m. 

4 
The  efFeft  of  the  refiftance  of  any  particle /of  the  plane 
to  oppofe  the  force  which  caufes  the  revolution  of  the 
plane,  is  as  the  refiftance  of  that  particle,  multiplied  into 
its  diftance  m  from  the  axis  of  motion ;  that  is,  becaufe  the 
refiftance  varies  as  the  fquare  of  the  velocity,  as  px^Kx  = 
fx^  ;  and  the  refiftance  of  the  whole  furface  is  equal  to  the 
fum  of  all  the  pxi.  For  the  fame  reafon,  the  refiftance  of 
the  whole  =  d*a,  a  being  the  area  of  the  plane ;  that  is. 


flSa  =  fum  of  all  the  pxi  z=:  -r^-z X  «  =  ■  — 

4n — m  .4 

X  a.     See  Vince's  Leilures. 

9.  If  a  fphere  and  cylinder  of  the  fame  diameter 
move  in  the  diredtion  of  its  axis,  the  refiftance  to 

^  the 
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the  motion  the  cylinder  will  be  double  of  that  to 

the  motion  of  the  globe. 

Fig.  3e.  Let  AFS  be  a  diameter  of  the  end  of  a  cylin* 

der,  parallel  and  equal  to  BD  a  diameter  of  the  fphere 

JBFDG,  whofe  centre  is  C,  and  CF,  DE,  BA  perpendi* 

cular  to  AE  \  draw  ^P  parallel  to  CjF,  and  let  it  repre* 

fent  the  force  with  which  a  particle  of  the  fluid  would 

^€t  perpendicularly  at  v,  the  end  of  the  cylinder,  in  which 

cafe  no  part  is  loft.     Now  conceiving  the  fame  particle  to 

aft  upon  the  globe  at  P,  part  of  its  eficft  will  be  loft  by 

the  obliquity  of  the  ftroke ;  draw  PR  a  tangent  to  the 

fphere  in  the  plane  PCF,  and  ^R  perpendicular  to  it ; 

draw  alfo  RS  perpendicular  to  ^P,  and  produce  ^P  to 

m.     Refolve  the  whole  force  ^P,   into  JRP,  ^\   the 

part  RP  in  the  direftion  of  the  tangent  will  be  inefficient, 

and  the  part  ^Jt  only  e^ftive;   refolve  this  into   ^^ 

SR  \  then  ^S  is  employed  in  oppofing  the  motion  of  the 

globe,  and  8R  perpendicular  to  it  will  be,  deftroyed  by  an 

equal  and  oppofite  force,  on  the  other  fide*     Hence  the 

force  with  which  the  point  v,  at  the  end  of  the  cylinder, 

is  retar«  ed,  is  to  the  force  with  which  the  correfponding 

point  P  on  the  globe  is  retarded,  as  ^/^ :  ^S,  that  is, 

as  J^P*':  ^if«,  that  is,    (by   fim.triangles)  as  PC^  to 

Pfft^  Pfti^ 

Pm*,  or  PC  to  -^,  or  (taking  vn  =  -p^)  as  PC  to 

vn,  or  vmtovn'f  confequently  the  whole  refiftance  on  the 
cylinder  :  on  the  globe  :  :  the  fum  of  all  {he  vnfs  :  the  fum 
of  the  t;/i's.  Draw  nr  parallel  to  mC,  Now  vm  :vn  : ; 
PC*  :  Pw*,  therefore  vw  or  CF  :  iw/i  or  Cr : :  PC^  or 

A  a  AF^ 
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AF^  :  PC^—Pm^f  or  r«?  ;  the  locus  therefore  JnCE  of 
all  the  points  «  is  a  parabola.  Conceive  no^  this  figure  to 
revolve  about  jFCG,  then  will  AE  generate  tlie  end  of  the 
cylinder,  and  BFD  that  half  of  the  globe  which  is  refilled} 
alfo  the  fum  of  all  the  vw's  will  be  the  folid  generated  by 
the  parallelogram  AEDB^  and  the  fum  of  all  the  v«*s  will 
be  the  folid  generated  by  the  infcribed  parabpla  ACE^  which 
folids  are  as  2  :  i  ^. 

When  the  bodies  move  flow,  the  propofition  will  nearly 
hold  in  air  and  water,  but  more  accurately  in  air,  becaufe 
the  particles  move  more  freely,  and  lefs  difturb  each  other's 
motions  J  but  when  the  motion  is  greater,  coi^fiderable 
aberrations  will  arife  \  both  from  the  mutual  difturbance  of 
the  particles,  and  the  fluid  not  flowing  in  behind,  as  fall 
as  tlie  body  moves  forward :  alfo  in  the  air,  ^  new  caufe 
pf  aberration  will  arife  froiTii  the  cpndenfation  of  the  fluid 
before  the  body.  Sir  I.  Newton  fuppofes,  that  in  a  con- 
tinuous non-elaftic  fluic],  infinitely  cpmprefTed,  the  refif- 
tance  of  a  fphere  and  cylinder  are  equal ;  but  this  appears 
to  be  an  error  in  theory  as  well  as  in  faft,  for  the  l^emnia 
on  which  he  founds  his  inference  has  been  juftly  called 
in  queilign  \  and,  when  the  motion  is  flow  in  water,  the 
fluid  may  be  fuppofed  tp  be  nearly  of  that  nature  wlucji 
Newton  fuppofes ;  yet  the  refiftances  are  as  nearly  coinci- 
dent with  theory,  as  when  the  motion  is  in  air;  thus 
^ord^  found  the  refillance  of  a  fphere  moving  in  wa|er  tp 

•  A  paraboloid  is  half  of  the  circumfcribed  cylinder.    See  Jacquicr's 
ycwtou,  Vol.  a.  No.  193.  . 
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fce  to  that  of  its  great  circle  as  i  to  ^,568;  and  in  air  the  re- 
ft anc^s  were  as  i  to  2,45. 

Experiment  gives  the  ratio  of  the  refiftattces  greater  than 
that  of  2  to  I ;  and  the  reafon  feems  to  be  this :  theory 
fuppofes  the  a£^ion  of  every  particle  of  the  fluid  to  ceafe 
the  inftant  it  makes  its  impafl  on  the  folid ;  now  this  is 
not  really  the  cafe,  as  we  have  already  obferved  5  and  fince 
the  particles,  after  impa£fc  on  the  fphere,  Aide  along  its 
curved  furface,  and  fo  efcape  more  readily  than  along  the 
face  of  the  cylinder,  the  error  will  be  greater  in  the  cylin- 
der, that  isy  the  greater  refiftance  will  exceed  theory  more 
dism  the  lefs.  It  is  alfo  to  be  obferved  that  the  difference 
between  the  refiftances  of  the  globe  and  cylinder  in  water 
is  greater  than  in  air,  dmStly  contrary  to  what  might  be 
inferred  from  Newton*s  reafoning,*  which  fuppofes  them 
equal  in  a  continuous  fluid,  but  in  the  ratio  of  i  to  2  in  a 
rare  fluid. 

10.  The  refiftance  of  a  plane  furface  moving  per- 
pendicularly in  a  fluid,  is  equal  to  the  weight  of 
a  column  of  the  fluid,  whofe  bafe  is  the  refiftcd 
furface,  and  altitude  equal  to  the  fpace  through 
which  a  body  falling  from  reft  by  the  force  of  gra- 
vity acquires  the  velocity  of  the  moving  plane. 

The  refiftance  to  the  furface  is  meafured  by  the  number  of. 
equal  particles  impelling  it  direftly  in  a  given  time,  and  the 
velocity  of  each  conjointly  5  or  when  eftimated  in  an  inftant, 
by  one  lamina  of  the  fluid,  whofe  area  is  equal  to  that  of 
the  given  furface,  multiplied  into  the  velocity.  But  if 
this  lamina  were  to  impinge  diredlly  againft  the  loweft 
A  a  2  lamina 
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lamina  of  the  column^  with  a  velocity  equal  to  that  with 
which  the  fluid  would  flow  out,  if  an  apenure  wtsc  made 
in  the  bottom,  it  would  manifeftly  prevent  the  efflux  of 
the  fluid,  or  be  equivalent  to  the  weight  of  the  oolumit 
perpendicularly  incumbent,  which  generates  the  velocity  of 
the  efliu:^^ 

The  impad  of  a  fluid  cannot  l»e  properly  fadd  to  be  equal 
to  a  weight ;  but  conCdering  them  as  forces,  whofe  uag^ 
nkudes  are  efliimated  by  their  contemporary  e&^ls,  when 
thefe  eflFeds  counterad  each  other,  d»e  forces  may  be  iaict 
to  be  eq^aL    See  Farkinfon's  Nat^  Phil.  p.  174* 

II.  If  a  cylinder  move  in  the  diredion  of  its 
axis,  the  refinance  will  be  equal  to  the  weight  of 
a  cylinder  of  the  fluid  of  the  fame  bafe  with  the 
folid,  and  whofe  altitude  is  equal  to  the  fpace 
through  which  a  body  muft  fall  to  acquire  the  ve* 
locity  of  the  body  :  and  the  refiftance  to  a  globe  of 
the  fame  diameter  will  be  half  that  weight. 

For  the  anterior  plane  furface  only  of  the  cylinder  will 
communicate  motion  to  the  fluid,  becaufe  the  curved  fur* 
face  is  parallel  to  the  dircftion  wherein  the  body  moves : 
let  J  be  the  diameter  of  die  cylinder,  p  the  periphery  of 
a  circle  whofe  diameter  is  unity,  z  the  fpace  through  which^ 
a  body  muft  fall  to  acquire  the  velocity  with  which  the  cy« 

linder  moves ;  then  will  — —  be  the  bafe  of  the  cylinder, 

4 

and  — ^ will  be  the  weight  of  the  fluid  whiph  mca- 

4 

fure« 
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tares  the  refiftance^  when  unity  ezprdSes  the  denfitjr  of  the 
ilaid. 

Since  the  reiiftance  of  a  fphere  is  half  that  of  a  cylin« 

cler«  it  win  be  equal  to  — • 

8 

12.  The  force  of  refiftancc  which  is  oppofed  to 
a  fphere,  is  to  the  force  which  would  deftroy  the 
iphere's  whole  motion,  in  the  fame  time  in  which 
it  defcribes  uniformly  4  parts  of  its  diameter,  as 
the  deniity  of  the  fluid  to  the  denfity  of  the  fphere. 

Let  the  fpecific  grayity:  of  the  fphere  be  to  that  of  the  fluid 
as  n :  I,  wits  weight,  and  vits  velocity ;  the  time  of  defcrib- 
ing  y  d  umfcrmly,  with  the  velocity  v,  is  equal  to  the  time  of 
defcribing  half  that  ipace  or^  |  d  from  reft,  by  the  conftant 

aaion  of  F^  and  (Lefl.   18.  Art.  t^.)  F :w  :  :^i—^ 
and  F  ==  ■^-;p'     ^^^  ^  =  ^^ — »  ^^^  confequently  i^=3 

-?— ?.    But  the  refiftance  of  the  fphere  =:  £— ^  ;    confe« 
8  ^8 

quently  F :  refiftance  of  the  fphere  : :  /i  m« 

13.  The  motion  of  bodies  in  rcfifting  mediums 
which  at  iirfl;  is  accelerated,  will  at  length  become 
uniform. 

14.  As  a  body  defcends  in  a  fluid,  it  continually 
adds  more  weight  to  the  fluid  until  it  has  acquired 
its  greateft  velocity,  at  >hich  time  the  weight 
added  to  the  fluid  is  equal  to  the  weight  of  the 
body. 

IS*  The 
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15.  The  greateft  velocity  which  a  globe  can  ac- 
quire by  defcending  in  a  fluid  is  equal  to  that  which 
a  heavy  body  would  acquire  in  falling  through 
a  fpace  equal  to  i-  of  itsL  diameter,  multiplied  by 
the  difference  between  the  numbers  exprefling  the 
fpecific  gravities  of  the  globe  and  fluid. 

For  // — I  is  die  relative  gravity  of  the  globe,  and  {pd^  its 
.  magnitude,  therefore  L  pd^  X  «— i  is  the  relative  weight  by 

which  it  is  Urged  downwards ;  and  the  refiftaiice  =  l-—^ 

o 

now  when  the  velocity  is  greateft  i^  =  Lpd^XfT^w 
or  2t  =  1^  X  //—I. 

16.  Thefe  uniform  velocities  will  be  in  the  fub- 
duplicate  ratio  of  the  diameters  of  the  bodies. 

For  z  or  the  fpace  dirough  which  a  body  muft  faU  by 
the  force  of  gravity  to  acquire  the  greateft  velocity,  is  equal 
^d  X  n—i  ,  and  therefore  is  direftly  as  ^5  but  the  veloci- 
ty is  in  the.fubdupiicate  ratio  of  the  fpace. 

17.  Mathematically  (peaking,  bodies  defcending 
in  fluids  will  not  acquire  their  ultimate  and  uni- 
form velocity  in  any  finite  time  whatever. 

Fig.  31.  The  abfolute  force  with  which  the  body  defcends 
is  the  difference  between  its  weight  and  the  weight  of  an 
equal  bulk  of  the  fluid  5  and  this  difference  divided  by  the 
weight  of  th<i  body  will  be  the  accelerating  force,  which 

let 
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kt  us  fuppofc  equal  to  rf;  now  the  refifting  force  increafes 
as  thefquare  of  the  velocity  v,  and  therefore  will  be  equal 
to  fome  conftant  quantity  multiplied  into  v*  ;  let  this  quan- 
tity be  e,  therefore  the  abfolute  accelerating  force,  upon 
the  whole,  will  be  d — ev\  Let  the  conftant  force  d  be  re- 
prefentcd  by  the  given  line  AC^  ^nd  let  the  decrement  of 
this  force  by  the  refiftance,  be  jIK,  and  cpnfequently  the 
abfolute  accelerating  force  =  KC ;  alfo  let  the  abfolute 
velocity  jfP  of  the  body  be  a  mean  proportional  between 
jiC  and  jIK,  and  therefore  in  the  fubduplicate  ratio  of  M 

AK,  Let  the  increment  of  the  refifting  force  be  KL, 
and  the  contemjporaneous  increment  of  the  velocity  be  P^\ 
with  the  centre  C,  and  the  re£langular  afymptotes-  AC^ 
CHy  let  the  hyperbola  BN&  be  defcribed,  meeting  the  or- 
dinates  AB^  KN,  LO.  Becaufe  JK :  :  JP^,  the  mo- 
ment of  the  former  KL  will  be  as  die  increment  zAP^ 
of  the  latter;  diat  is,  as  APy^KC^  for  the  increment 
P^f>{  tJie  velocity  is^  as  die  abfolute  accelerating  force 
KC',  dierefore  KLxKN  :  :  APxKCxKN:  :  AP,  be- 
caufe KCxKN  is  conftant.  Therefore  the  indefinitely 
little  hyperbolic  area  KNOL  : :  AP.  And  the  hyperbolic 
area  ABOL  is  compofed  of  the  particles  KNOL  always 
proportional  to  the  fpace  defcribed  with  that  velpcity^  the 
particle  pf  time,  in  which  KL  is  generated,  being  given. 
Confequently,  when  KC  the  abfolute  accelerating  force 
vanifhes,  that  is,  when  the  motion  of  the  body  becomes 
uniform,  the  fpace  defpribed  ABSHCA,  and  therefore  the 
time^  will  be  infinite. 

.18,  The 
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i8.  The  retardations  of  fphcncal  bodies  moving 
in  different  fluids  are  to  each  other  as  the  deniities 
of  the  fluids  and  fquares  of  the  velocities  diredlly, 
and  as  the  denfities  of  the  bodies  and  their  diame- 
ters inverfely. 

We  muft  take  care  to  diftingullh  the  refiftance  of  a  body 
from  its  retardation  i  refiftance  is  the  quantity  of  motion, 
retardation  the  quantity  of  velocity,  which  is  loft ;  there-^ 
fore  the  retardations  are  as  the  refiftances  applied  to  the 
quantities  of  matter ;  and  in  the  fame  body  the  refiftances 
and  retardations  are  proportional  to  each  other. 

19..  If  the  fluid  does  not  flow  in  behind  the  body 
as  fafl:  as  the  body  moves  forward,  the  refiftance 
Tvill  very  much  depend  on  the  configuration  of  the 
hinder  part  of  the  body. 

Thus  the  refiftance  to  the  fore*part  of  a  cylinder  b  lefs 
than  on  the  equal  flat  furface  of  a  cone,  or  of  a  hemifpherc* 
See  Hutton's  DiQt.  Article  Refiftance* 
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LECTURE    XXVIL 


I .  Jb  RICTION  is  the  refiftance  which  a  moving 
body  meets  with  from  the  furface  on  which  it 
moves ;  and  may  be  confidered  as  a  retarding 
force,  afting  in  a  direftion  contrary  to  that  which 
moves  the  body. 

2.  If  an  hard  flat  body  be  drawn  along  another, 
its  fridlion  will  be  an  uniformly  retarding  force. 

Hence  it  follows,  that  the  quantity  of  friftion  does  not 
depend  on  the  velocity  with  which  the  rubbing  parts  move 
upon  each  other.     See  Vince's  Leftures. 

3.  If  M,  confidered  as  an  hanging  weight,  be 
the  moving  force,  F  the  quantity  of  friftion  con- 
fidered as  equivalent  to  a  weight  without  inertia, 
drawing  the  body  back  upon  an  horizontal  plane, 
S  the  fpace  defcribed   by  Jkf  in  /   feconds,   and 

B  b  g=: 
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^=193  inches,  then  ^=  ■    ""      X  ^/*i  whence 

F=M-M±£. 
P' 

Sec  Vincc's  Le^lurei. 

4.  The  quantity  of  frjftion  cncreafcs  in  a  lefs  ratio 
than  the  weight  of  the  body. 

If  M  and  W  be  encreafed  in  any  ratio,  then  if  F  in- 
creafed  in  the  fame  ratio,  the  fame  fpace  would  be  defcri* 
bed  in  the  fame  time ;  but  hj  thus  increafing  M  and  IT, 
it  appears,  by  experiment,  that  S  is  Increafed  in  the  fame 
time  ^  therefore  F  muft  have  increafed  in  a  lefs  ratio. 

5.  The  fridtion  of  a  body  increafe?  with  the  fur^ 
face,  but  in  a  lefs  ratio. 

6.  A  greater  force  is  requifite  to  fet  a  body  in, 
motion  than  to  continue  that  n:lotio^  without  acce-^ 
leration. 

By  a  variety  of  experiments  it  is  found,  that  about  ^d  of 
z  weight  is  requifite  to  move  that  weight,  when  drawn, 
along  an  horizontal  fur  face ;  and  about  ^th  of  the  weight  to 
continue  it  in  motion.  This  difference  has,  in  general^ 
been  attributed  to  the  at tra£lion  of  cohefion ;  but  that  this 
attra£lion  cannot  be  the  caufe,  appears  from  this,  that  the 
difference  of  the  forces  necefiary  to  fet  a  body  in  motion^ 
and  to  continue  it,  which  is  generally  about  ^l.  of  the 
whole  weight  of  the  body,  is  much  left  than  the  force  fu£- 
ficient  to  overcome  the  attra£tion  of  cohefion  even  in  a 
dire^ion  perpendicular  to  the  furfaces.  The  caufe  of  the 
difierence  therefore  is  probably  the  momentum  of  the 

body 
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body  once  fct  in  motion,  by  which  it  happens  that  the  moving 
body,  in  defcending  down  the  face  of  the  little  cavities  in  the 
plane  on  which  it  moves,  has  a  tendency  to  afcend  the  face 
of  the  next  cavity. 

7.  If  a  body  whofe  line  of  direftion  falls  within 
the  bafe,  be  drawn  along  an  horizontal  plane  by  a 
force  afting  at  the  centre  of  gravity,  and  parallel  to 
the  plane,  and  the  fridtion  be  equal  to  or  greater 
than  the  moving  force,  the  body  will  roll  without 
Hiding,  when  the  weight  is  to  the  moving  force  in  a 
lefs  ratio  than  radius  to  the  tangent  of  the  angle 
which  the  vertical  line  makes  with  that  drawn  from, 
the  centre  of  gravity  to  the  centre  of  rotation. 

Fig,  32.  Let  C  be  the  centre  of  gravity,  CB  the  line  of  di- 
re£^ion,  Cc  the  dire£lion  of  the  movhig  force  parallel  to  the 
plane  SO ;  fince  the  {ri&ion  is  equal  to  of  greater  than  the 
moving  force,  the  point  A  will  be  at  reft,  and  AC  may  be 
confidered  as  a  lever  whofe  fulcrum  is  A,  and  the  extremity 
C  SL&cd  on  by  two  forces,  the  moving  force  in  the  dire£^ioa 
Ccy  and  the  weight  of  the  body  in  the  dire£lion  C£  \  now 
the  efficacy  of  the  moving  force  to  turn  the  lever  is  as  the 
force  X  i^^^  of  ^^^  angle  cCA ;  and  the  force  of  the  weight 
to  move  the  lever  in  the  contrary  dire£bion,  is  as  the  weight 
X  fi^c  of  ^c  angle  BCA ;  therefore  thefe  forces  are  equal 

when  the  moving  force  ^  weight  x  — i  BCA  =  weight  x 

tangent  BCA.  In  a  fphere,  fince  the  tangent  of  BCA  va- 
nifhesy  it  will  roll,  whatever  be  the  magnitude  of  the  moving 
force. 

Bb2  8.  If 
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8.  If  the  fridtion  be  lefs  than  the  moving  force, 
the  body  will  both  Aide  and  roll,  when  the  weight 
is  to  the  difference  between  the  friftion  and  the 
moving  force  in  a  lefs  ratio  than  radius  to  the  fame 
tangent. 

For  the  point  A  is  moved  'forward  by  the  diflFefence  be- 
tween the  moving  force  and  friftion  ;  therefore  in  order  to 
determine  the  motion  of  the  body  we  may  confider  A  at 
reft,  and  C  afted  on  in  the  dire£):ion  Cc  with,  a  force  equal 
to  that  difference. 

9.  If  the  fridtion  be  lefs  than  the  moving  force^ 
the  body  will  Aide  without  rolling,  when  the  weight 
is  to  the  difference  between  the  moving  force  and 
fridion,  in  the  fame  or  a  greater  ratio  than  radius 
to  the  tangent  of  the  fame  angle. 

In  a  fphere  this  can  never  be  the  cafe,  if  it  be  of  any 
finite  weight. 

10.  If  the  fri(5tion  vanifh,  the  body  will  Aide 
without  rolling,  whatever  be  its  weight  or  moving 
force. 

11.  When  the  line  of  diredion  falls  without  the 
bafe,  if  the  friftion  be  equal  to  or  greater  than  the 
moving  force,  the  body  will  roll  without  Aiding. 

12.  If  the  friction  be  lefs  than  the  moving  force^ 
the  body  will  both  Aide  and  roll. 

13.  If  a  body  be  placed  on  an  inclined  plane, 
and  the  plane  be  elevated  until  the  body  will 
Aide,  if  the  elevation  be  further  increafed  by  the 

fmalleft 


Digitized  by  VjOOQ IC 


2L.  %J.  lilBCHANICS«  189 

fmalleft  quantity ;  then  will  the  friftion  on  the  in- 
clined plane  be  to  the  weight  of  the  body,  as  the 
fine  of  the  angle  of  elevation  to  radius. 

The  angle  of  elevation  in  this  cafe  is  called  the  angle  of 
Quicfccnce. 

14.  The  friftion  on  an  horizontal  plane  is  to  the 
weight  of  the  body,  as  the  tangent  of  the  angle  of 
quiefcence  to.  radius. 

For  the  fridlion  on  the  horizontal  plane  is  to  the  friftion 
on  the  inclined  plane,  as  radius  to  the  coHne  of  the  angle 
of  quiefcence. 

15.  When  a  body  defcends  down  an  inclined 
plane,  the  phsenomena  of  Hiding  and  rolling  are 
determined  in  the  fame  manner  as  on  an  horizontal 
plan^,  if  inftead  of  the  weight  we  fubftitute  the 
weight  X  cofine  of  the  angle  of  elevation ;  and  in- 
ftead of  the  vertical  line,  a  line  perpendicular  to  the 
inclined  plane. 

16.  When  a  fphere  rolls  down  an  inclined  plane 
without  Hiding,  the  velocity  with  which  any  point  in 
the  periphery  revolves  round  the  centre,  is  equal  to 
that  with  which  the  centre  of  gravity  moves. 

For  when  the  fphere  has  performed  one  revolution,  the 
icentre  of  gravity  has  defcribed  a  fpace  equal  to  the  cir- 
cumference, therefore  the  furface  and  the  centre  of  gra- 
vity move  with  equal  velocities. 

17.  When 
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17.  When  a  fphere  rolls  down  an  inclined  plane, 
the  accelerating  force  is  to  the  force  which  would 
accelerate  it  when  Aiding  without  fridion,  as  5 
to  7. 

Let  r  be  the  radius  of  the  fphere,  g  the  diftance  of  the  , 
centre  of  gyration  from  the  centre^  w  the  weight  of  the 
fphere,  b  the  height  of  the  plane,  and  /  iu  length ;  the 
inertia  of  the  fphere  which  refifts  die  communication  of 
motion  to  the  circumference,  to  which  the  moving  force  is 

applied,  will  be  the  £une  as  if  ft;  X  —  were  coUe£led  in  the 

circumference  (Le£l.  19.  Art.  22.),  fince  it  moves  equally  fad 
with  the  centre  of  gravity ;  the  whole  mafs  moved  is  there- 

fore  w  +        ^    =.  ^  w,  becaufe  ^«  =  f  r»,  but  the 

moving  force  is  the  fame  in  both  cafes,  whether  there  be 
fridlion  or  not }  therefore  the  accelerating  forces  will  be 
inverfely  as  the  quantities  of  matter  moved. 

18.  A  power  which  moves  a  body  along  an  ho- 
rizontal plane,  adts  with  the  greateft  advantage, 
when  the  line  of  direftion  makes  an  angle  of  18* 
with  the  plane. 

Fig.  33.  Let  ^  be  the  body  which  is  to  be  moved  along 
the  horizontal  plane  AC,  by  a  given  power  eftimated  in 
quantity  and  direftion  by  ji£ ;  let  fall  the  perpendicular 
BC;  let  the  given  line  JB  =  i,  BC  =:  x,  AC  =z  i— XrAt 
=  the  force  moving  the  body  horizontally.  The  pow- 
er, by  its  oblique   aftion,  diminiflies  the  preflure  of  the 

weight 
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vreight  on  the  horizontal  plane,  in  the  ratio  of  i  :x\  there- 
fore Ax  =  that  part  of  the  preflure  which  is  taken  ofF,  and 

fifth 

the  a£):ual  prcffure  =  ^  >—  Ax,     Let  friftion  = part 

n 

of  the  weight ;  in  this  cafe  it  will  be  =  -?",  ^  —  ^,  Ax. 

n  n 

Th?  force  therefore  rcquifite  to  move  A  horizontally,  muft 

be  equal  to  th&horizontal  force  diminifhed  by  fridlion  :=zAx 

iTHaJ^A"^  .^^Au Axi  a  minimum,  therefore  its  fluxi- 

n  n 

tn    ^  •            A  XX  ^j  ^  t»        m 

on  — A  X  — — -=  tf,  and  x  =  ^     =  fine  of 

n  \—xA\  OT«-H»*|| 

the  angle  BAC\  which,  fince  —  =:  ♦  in  general,  will  be 

ft 


—  \/io. 

19.  If  the  plane,  along  which  the  body  is  to  be 
moved,  be  inclined  to  the  horizon,  the  fine  of  the 
angle  which  the  line  of  direftion  of  the  power 
makes  with  the  plane,  when  it  afts  with  the  greateft 

advantage  will  be  =  — p-,  c  being  the  cofine  of 

the  angle  of  elevation  to  radius  =  unity. 

20.  Fridion  is  diminiflied  by  making  the  fur- 
faces  fmooth  which  move  upon  each  other. 

But  there  is  a  limit  to  this  finoothnefs,  for  the  polifh  of 
the  furfaces  may  be  fo  far  increafed,  as  to  render  the  at- 
traction of  cohefion  very  fenCble. 

21.  Friftion 
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21.  Friftion  is  diminilhed  by  anointing  the  rub- 
bing ftirfaces  with  fome  unftuous  matter. 

22.  Friftion  is  diminifhed  by  caufing  fubftances 
of  different  kinds  to  move  upon  each  other. 

Both  becaufe  the  attrad^ion  of  cohefion  will  be  lefs, 
and  alfo  becaufe,  on  account  of  the  difllmilarity  of  the  fur- 
faces,  the  eminences  and  cavities  will  not  fo  often  corref- 
pond. 

23.  Friftion  isdiminifhed  by  diminishing  the  fur- 
faces  in  contaft. 

24.  Fridion  is  diminilhed  by  caufing  the  body 
to  roll  rather  than  Aide  along  the  furface. 

25.  The  effeA  of  fridion  is  diminiftied  by  dif- 
pofing  the  parts  of  the  machine  in  fuch  a  manner, 
as  that  the  ratio  of  the  velocity  of  the  parts  which 
rub  againft  each  other  to  the  velocity  of  the  pqwcr^ 
may  be  as  fmall  as  pofllble. 


LECTURE 
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LECTURE    XXVIII. 


1 .    1  HE  advantage  of  wheels  arlfes  from  their 
turning  on  their  axles. 

For  when  a  wheel  turns  on  an  axle,  the  force  to  over- 
come the  frif^ion  is  diminiihed  in  the  ratio  of  the  radius  of 
the  wheel  to  the  radius  of  the  axle  y  and  no  advantage  is 
gained  If  they  do  not  turn. 

2.  A  wheel  carriage  is  drawn  by  the  leaft  power, 
when  the  line  of  draught  pafles  through  the  centre 
of  gravity  of  the  carriage,  and  parallel  to  the  plane 
ori  which  it  moves ;  or  rather  when  it  forms  a  fmall 
angle  with  it. 

3.  If  the  wheels  be  all  equal,  it  requires  the  fame 
force  to  draw  the  carriage,  whether  it  be  loaded 
before  or  behind. 

If  the  plane  be  hard,  it  is  evident  that  the  breadth  of 
the  wheels  will  make  no  difference  in  the  refult. 

Cc'  4.  A 
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4.  A  carriage  is  more  eafily  drawfl  with  four 
equal  wheels,  than  when  the  two  fore  wheels  arc 
fmaller  than  the  two  hind  wheels. 

5.  If  two  wheels  be  high  and  two  lowy  if  makes 
iio  difference  which  go  before. 

However  it  is  convenient  that  the  fore  wheels  ihould  be 
<he  lower,  rft.  Becaufe  Icfs  room  is  rcquifitc  for  the  turning 
of  the  carriage.  2^j.  A  horfc  is  generally  the  moving 
{tower,  and  from  the  make  of  his  body,  he  draws  with 
moft  advantage  when  the  traces  make  a  fmall  angle  with 
the  plane  on  which  he  moves.  3<ily.  A  part  of  the  force 
of  the  horfe  will  be  thus  exerted  in  lifting  the  weight  as 
well  as  in  drawing  it ;  and  it  is  found  that  a  horfc  moves 
a  greater  weight,  when  a  part  of  it  is  laid  on  his  back. 
4thl3r.  In  moving  over  obftacles,  the  power  will  be  exerted 
more  nearly  in  a  dirediion  parallel  to  the  plane  on  which 
Ac  body  16  then  moving.   Sec  Wallis  voL  i.  p.  979. 

6.  If  the  wheels  be  all  equal,  it  requires  a  greater 
weight  to  draw  the  carriage  when  they  are  lefs  than 
when  greater. 

Becaufe  Ac  refiftancc  of  the  ground,  which  tumt  tfic 
wheels  about,  more  eafily  ovtrcomes  Ac  friaion  at  Ae  arlc 
ib  a  large  Aan  in  ar  fmall  wheel. 

7,  If  the  fore  wheels  of  a  carriage  be  lefs  than 
the  hind  wheels,  it  wUJ  be  drawn  upon  an  hori- 
lontal  plane  with  greater  eafe  when  the  load  is^ 
placedrbehind,  than  when  before. 

HYDROSTATICS. 
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HYDROSTATICS. 


LECTURE    L 


I. Hydrostatics  is  that  part  of  Natural 

Philofophy,  which  treats  of  the  preffure  and  equi^ 
librium  of  fluids* 

2.  Fluids  arc  divided  into  two  claflTes,  coherent 
and  incoherent. 

They  are  fometimes  othcrwife  diftinguifhcd  into  com* 
preffible  and  incompreiTible ;  but  this  dlftinfbion^  ftridily 
fpeakingy  appears  to  be  inaccurate :  for  all  bodies  being 
porouSy  their  parts  may  be  brought  nearer  to  each  other ; 
and  a  liquid  is  an  aflemblage  of  folid  bodies,  and  therefore 
ihould  alfo  be  compreflible.  Accordingly  Mr.  Canton  has 
proved  that  water  is  compreffible. 

3.  Fluids  gravitate  in  their  own  element,  or,  as 
it  is  otherwife  expreflfed,  in  proprio  loco. 

For  when  a  body  fpecifically  lighter  than  the  fluid 
Qbats  on  it|  if  we  fuppofe  an  imaginary  plane  to   touch 

Cc%  the 
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the  lower  furface  of  the  folid,  every  part  of  this  plane 
muft  be  equally  prefled,  otherwife  a  motion  would  enfue ; 
but  the  plate  of  water  on  which  the  folid  refts,  fuftains  the 
whole  weight  of  the  folid  ;  therefore  every  other  equal  plate 
at  the  fame  depth  muft  fuftain  an  equal  preflure;  now  it 
is  found  that  the  columns  of  the  fluid,  which  are  infiftent; 
on  equal  plates  of  water  at  the  fame  depth,  are  of  equal 
weight  with  the  folid. 

4.  A  lighter  fluid  gravitates  on  an  heavier,  an4 
an  heavier  on  a  lighter. 

5.  The  preflure  of  fluids  is  propagated  equally 
in  all  direftions. 

6.  If  a  fluid  be  fl:agnant,  the  direftion  of  the 
preflTure  is  perpendicular  to  the  tangents  in  the  fe- 
veral  points  of  the  fyrface. 

7.  The  furface  of  every  fliagnant  liquid  is  hori- 
zontal. 

.   8.  On  the  earth,  the  furface  of  a  fluid  of  fmall 
extent  may  be  eonfidered  as  a  plane. 

9.  If  the  parts  of  a  fluid  gravitate  towards  a 
common  centre,  the  furface  of  the  fluid,  when  in 
equilibrium,  will  be  fpherical. 

10.  If  a  fluid  mafs  be  in  equilibrium,  the  fluid 
in  any  communicating  canals  will  alfo  be  in  equi- 
librium. 

11.  A  fluid  mafs. divided  into  various  laminae, 
whofc  tangents  arc  perpendicular  to  the  diredlion 
of  gravity,  will  be  in  equilibrium,  if  in  each  point 

the 
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the  thicknefs  of  the  ftratum  be  reciprocally  as  the 
force  of  gravity  in  that  point. 

12.  If  the  denfity  of  a  fluid  be  uniform,  the 
preflure  at  any  depth  is  in  proportion  to  the 
depth. 

13.  Fluidity  does  npt  confift  in  the  intefline  mo- 
tion of  its  parts. 

14.  Fluidity,  according  to  the  Newtonian  fyf- 
tem,  arifes  from  a  want  of  any  fenfible  cohefion 
between  the  conftituent  particles  of  the  fluid. 

This  want  of  cohefion  is  attributed  to  the  fpherical  figure 
of  the  particles :  for  though  the  contafts  of  fpheres  are 
merely  points,  yet  fince  the  force  of  cohefion  extends  to 
fome  finite  diftancc,  and  diat  diftance  is  the  fanae  in  alL 
cafes,  the  fpheres  will  attraft  each  other  by  the  adion  of 
circles  whofe  centres  are  the  points  of  contaft,  and  whofe 
radii  are  =  diameter  i  X  fquare  root  of  the  fpace  through 
which  the  attraftion  extends ;  but  thefe  circles  are  as  the 
iquares  of  their  radii,  that  is,  dire£Hy  as  the  diameters  of  the 
fpheres ;  and  therefore  if  the  fpheres  be  nearly  evanefcent, 
the  attraftion  of  cohefion,  which  is  proportional  to  them, 
will  be  likewife  phyfically  evanefcent. 

15.  Fluids  of  uniform  denfity  prefs  according 
to  their  perpendicular  altitudes,  whatever  be  their 
quantities,  or  the  fliape  of  the  containing  veflels, 

16.  In  communicating  veflels,  a  given  fluid  will 
Hand  at  the  fame  height,  whatever  be  their  forms 
orpofition. 

17.  If 
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17.  If  two  immifcible  fluids  be  poured,  the 
one  on  the  other,  their  common  furface  will  be 
level, 

i^.  If  two  immifcible  fluids  communicate,  they 
will  ftand  at  altitudes  from  the  plane,  where  they 
meet,  which  are  inverfely ,  as  their  fpecific  gravi- 
tieSf 


LECTURE 
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LECTURE    IL 


I .  X  HE  preffuf e  fuftaifted  by  any  furface  is  equal 
to  the  weight  of  a  pillar  of  the  liquid^  whofe  bafe 
is  the  preffed  furface^  and  height  is  the  perpendi- 
cular diftahce  of  the  centre  of  gravity  of  that  fur- 
fece  from  the  upper  furface  of  the  liquid. 

a.  A  body  immerfed.  in  a  fluid  is  prefled  by  it  in 
every  difeftion,  and  the  pteflure  is  greater  in  pro- 
portion to  the  depth  to  which  it  is  immerfed. 

Hence  is  derived  a  method  of  meafuf  ing  the  depth  of  an 
unfathomable  fea :  to  the  bottom  of  a  hollow  fphere  is  at- 
tached a  veffel  contstining  fomc  mercury,  in  which  is  im- 
merfed a  tube,  hern^tically  fealed  at  top,  and  within  this  tube 
is  a  little  floating  iron  gage,  which  by  the  preffurc  of  a  very 
tender  fpring,  adheres  to  whatever  part  of.  the  tube  it  is 
forced  ;  in  the  upper  part  of  the  veiTel  are  fbme  holes  to 

admit 
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admit  the  water ;  to  the  bottom  of  this  veflel  is  added  a 
heavy  weight,  which  is  immediately  difengaged,  when  the 
inftrument  ftrikes  the  bottom ;  it  then  afcends,  and  the 
height  to  which  the  mercury  has  been  made  to  afcend,  by 
the  preffure  of  the  water,  indicates  the  depth  to  which  the 
inftrument  had  defcended. 

3.  The  centre  of  preffure  of  a  furface  is  that 
point,  to  which  if  a  force  equal  to  the  whole  pref- 
fure were  applied,  but  in  a  contrary  direftion,  it 
would  keep  the  furface  at  reft. 

4.  If  a  plane  furface  which  is  preffed  by  a  liquid 
be  produced  to  the  furface  of  the  liquid,  and  their 
common  interfeftion  be  made  the  axis  of  fufpen- 
fion,  the  centre  of  percuffion  will  be  the  centre  of 
preffure. 

Fig.  34.  Let  JBCD  be  the  furface  of  the  fluid,  which 
preffes  on  the  plane  FW-,  produce  the  plane  until  it  meets 
the  fluid  in  the  line  mS ;  let  O  be  the  centre  of  preflTure  ; 
from  any  point  Xy  of  the  furface,  ereft  the  perpendicular 
XV  to  the  furface  of  the  fluid,  and  in  the  furface  draw 
vm  perpendicular  to  the  interfe£tion  mS.  The  preflure  on 
Mis2LSxXxv'f  and  its  eflFedt  to  turn  the  plane  about  mS 
is  as  ^x^vXwS';  alfo  its  effedl  to  turn  the  plane  about 
SL,  will  be  as  xXxvXmS.  In  like  manner  if  the  plane 
P'JF  be  fuppofed  to  revolve  round  the  axis  mS,  and  to 
ftrike  an  obftacle  at  O,  the  percuflJve  force  of  the  particle 
Xy  by  which  it  endeavours  to  move  the  plane  about  mS,  will 
be  as  xXxm^^  or  2iS  xXxmXxvi  and  its  force  to  turn  the 

plane 
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plane  about  Sir,  will  be  zs  xXxmXmS,  or  as  xXxvx^S- 
The  percufiiTe  forces  therefore  of  the  partieles^  whereby 
they  endeavour  to  move  the  plane  in  the  two  direflions, 
are  the  fame  with  the  forces  of  prcffure,  and  therefore  the 
centres  of  prcffure  and  percuflion  are  coincident. 

5.  The  centre  of  preffure  for  a  right  line  or  reft- 
angular  plane  furface  is  at  the  diftance  of  two-third 
parts  from  the  furface  of  the  fluid. 

6.  If  JB  be  the  interfeftion  of  the  prefled  fur- 
face and  of  the  furface  of  the  fluid,  JC  a  plane 
pafling  through  the  centre  of  gravity  and  perpen* 
dicular  to  JBi  DC  a  perpendicular  J?t  fall  froa: 
^ny  particle  of  the  preflfcd  furface  on  the  plane 
JCy  and  P  the  centre  of  preffure,  from  which  is 
drawn  PB  perpendicular  to  JB9  then  will  JB,  the 
diftance  of  the  gentry  of  preffure  from  the  plane  JC^ 

be  equal  to  the  fum  of  all  the  ^i£2L9PJSR. 

Fig.  39.  For  the  fum  of  all  the  forces  with  which  the  fur* 
face  is  turned  in  one  diredlion  round  P5as  an  axis  =  fum  of 


all  the  DxACx^B^DC\  and  the  fum  of  all  the  forces 
with  which  it  is  turned  in  the  contrary  diredlion  =  fum  of 
aU  the  DxACxDC—AB',  therefore  all  the  Dx^BxAC 
=  aU  die  DxDCxAC',  but  all  the  DxABxAC=  all 
the  DXABXAG  +  all  thcDxABxGd  and  all  the 
DXABxGC  =(7,  from  the  nature  of  the  centre  of  gra- 
vity: in  the  fame  manner,  all.  the  DXDCXAC  =  all 
tlje  DXJDCXGC+ all  the  DxAGxDC\  but  all  the 

Dd  JDX 
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DXJGXDC  zz:  0}  therefore  all  the  DXJBxAG:=z 

aU  the  DXGCXDC,  and  AB  =  ^A^2^^^£>S^. 

alltheDX-^G 

The  fame  rule  ferves  for  determining  the  centre  of  perr 
cuffion;  See  Phil.  Trans.  No.  345,  page  339. 

Since  the  centre  of  ofcillation  always  lies  in  the  right 
line,  paffing  through  the  centre  of  gravity  and  perpendicu^ 
lar  to  the  axis  of  motion,  or  interfeftion  of  the  prefled 
furface  and  furface  of  the  fluid,  it  follows  that  the  centre 
of  preflure  is  not  always  coincident  with  the  centre  pf  of- 
cillatlon. 

/  7.  The  entire  lateral  preflure  of  a  veflel  whofe 
fide^  are  perpendicular  to  the  bafe,  is  equal  to  the 
weight  of  the  fluid  contained  in  a  triangular  prifm 
whofe  altitude  is  that  of  the  fluid,  and  bale  is 
a  parallelogram,  one  fide  of  which  is  equal  to  the 
altitude  of  the  fluid,  and  the  other  to  the  perimeter 
pf  the  veflTeK 

8.  If  a  tube  open  at  both  ends,  be  inferted 
into' a  clofcd  veflTel,  and  water  be  poured  in,  fo  as 
to  rife  in  the  tube  to  any  altitude,  the  preflfure 
which  the  top  of  the  veflTel  fuftains,  is  eqyal  to 
the  weight  of  a  pillar  of  the  liquid,  whofe  bafe  is 
the  area  of  the  lid  of  the  veflTel,  and  altitude  eqqal 
to  that  of  the  water  in  the  tube. 

Hence  is  explained  the  Hydroftatical  paradox,  that  the 
greateft  weight  may  be  fuftained  by  the  leaft  affignable 
quantity  of  water. 

9.  If 
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9.  If  a  body  be  immerfed  in  a  liquid  of  a  lefs  or 
a  greater  fpecific  gravity,  the  force  with  which  it 
defcends  or  afcends  is  the  difference  between  the 
weight  of  the  folid  and  an  equal  bulk  of  the  li- 
quid. 

The  force  with  which  a  body  fpecificadly  lighter  than  a 
fluid,  endeavours  to  afcend  in  it,  may  be  applied  to  raife 
heavier  bodies,  namely  by  uniting  them  firmly  together. 
On  this  principle  are  conftni£led  the  machines  which  in 
Holland  are  called  Camels. 

ID.  If  a  body  be  immerfed  in  a  fluid  fpecifically 
lighter,  it  lofes  a  portion  of  its  weight  equal  to 
that  of  an  equal  bulk  of  the  folid. 

11.  The  weights  loft  by  different  bodies  are  as 
their  magnitudes,  whatever  be  their  fpecific  gravi- 
ties. 

12,  This  weight  is  not  abfolutely  loft,  but  is 
added  to  the  fluid. 

13  This  weight  is  not  varied  either  by  the  depth 
of  the  fluid,  or  the  depth  to  which  the  body  is  im- 
merfed. 


D  d  2  LECTURE 
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LECTURE    IIL 


J .  A  H  E  denfities  or  fpecific  gravities  of  bodies 
arc  dire<fHy  as  their  weights,  and  inverfely  as  their 
magnitudes. 

In  eftimating  the  weights^  magnitades,  and  fpecific  gra- 
vities of  bodies,  fome  ftandard  quantities  ate  always  aflum* 
cd,  to  which  others  are  referred ;  the  fpecific  gravity  and 
weight  of  a  given  magnitude  of  water  are  thofe  ftandard 
quantities,  the  denfity  of  rain  water  being  found  more  uni« 
formly  the  fame  than  that  of  any  other  fubftance^ 

2.  The  fpecific  gravity  of  a  folid  is  to  that  of 
a  lighter  fluid,  as  the  abfolute  weight  of  the  folid 
to  the  weight  which  it  lofes  when  immerfed  in  the 
fluid. 

3.  The  fpecific  gravities  of  two  folids  both  fpe- 
tifically  heavier  than  a  fluid,  are  to  each  other  di- 

xedly 


Digitized  by  VjOOQ IC 


Lr.  3;  BYDROSTATICB. 


205 


Tcftly  as  their  abfolute  weights^  and  inverfely  as  the 
weights  which  they  lofe  in  the  fluid. 

If  the  abfolute  weights  be  equal,  the  fpecific  gravities 
will  be  reciprocally  as  the  weights  loft ;  therefore  if  two 
bodies  of  difierent  fpecific  gravities  balance  each  other  in 
air,  when  immerfed  in  water  the  equilibrium  will  be  de- 
ftroyed.  Thus  if  two  cylinders  of  copper  and  brafs  be 
exadly  counterpoifed  in  air,  and  both  be  immerfed  in  wa- 
ter, the  copper  will  preponderate.  The  weight  requifite 
to  reftore  the  equilibrium  may  be  thus  found ;  let  ^  be  the 
common  weight  of  the  brafs  and  copper,  i  the  fpecific 
gravity  of  brafs,  and  c  the  fpecific  gravity  of  copper,  that 
of  water  being  unity ;  then  the  weight  loft  by  the  brafs  =: 

—  ;  for  the  fame  reafon,  the  weight  loft  by  the  copper  = 

—  J  and  the  difference  of  the  weights  loft  =  -,-  —  —  = 
c  ,        b  g 

c — h  ^^ 
cb 

4.  The  fpecific  gravities  of  two  fluids  both  fpe- 
cifically  lighter  than  a  folid,  are  to  each  other  di- 
redtly  as  the  weights  which  that  folid  lofes,  when 
immerfed  in  the  fluids  refpeftively. 

A  cubic  inch  of  any  fubftance  being  immerfed  in  water 
lofes  253.18  grains  of  its  weight;  if  it  be  immerfed  in 
fpirits  of  wine  it  lofes  217  grains,  therefore  the  weight 
of  a  cubic  inch  of  water  is  253.18  grains,  and  that  of  a 
cubic  inch  of  fpirits  of  wine  is  iiy  grains;  wherefore  the 

fpecific 
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fpecific  gnvities  of  water  and  fpirita  of  wiQc  are  as  253. 1 8  : 

ai7  ;  or  as  I  :  ,857. 

5.  If  a  folid  fpecifically  heavier  than  a  fluid  be 
immerfed  to  a  depth,  which  is  to  its  thicknefs,  as 
the  fpecific  gravity  of  the  folid  to  that  of  the  fluid, 
and  the  preflure  of  the  fluid  from  above  be  re- 
moved, the  body  will  be  fuftained  by  the  fluid. 

6.  If  a  body  fpecifically  lighter  than  a  fluid  be 
immerfed  therein,  and  the  preflure  from  beneath 
be  removed,  the  body  will  continue  deprefled. 

Hence  it  follows,  that  there  is  no  fuch  property  in  mat- 
ter as  abfolute  levity,  by  which  bodies  are  made  to  arcend 
from  the  furface  of  the  earth,  in  the  fame  manner  as  they 
are  made  to  defccnd  towards  it  by  the  force  of  gravity.  If 
cork  afcendcd  in  mercury  by  an  abfolute  levity,  it  ought 
alfo  to  afcend,  even  though  the  preflure  of  the  mercury 
upwards  were  removed,  fmce  removing  the  mercury  from 
beneath  could  not  deftroy  any  eflential  property  belonging 
to  the  cork  itfelf.  When  bodies  therefore  afcend  in  fluids, 
they  afcend  by  their  comparative,  not  by  their  abfolute 
levity  5  that  is,  they  afcend  becaufe  they  are  lighter  than 
the  fluid,  and  not  becaufe  they  have  a  tendency  contrary 
to  that  of  gravity. 

7.  If  a  body  be  of  variable  fpecific  gravity,  it 
will  either  fink,  afcend,  or  remain  fufpended,  ac- 
cording to  the  degree  of  that  variable  fpecific  gra- 
vity at  different  periods, 

LECTURE 
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LECTURE    IV, 


1.  If  a  body  float  on  the  furface  of  a  fluid,  it  dif- 
placcs  as  much  of  the  fluid  as  is  equal  in  weight  to 
thev^hole  body. 

2.  A  folid  floats  permanently  in  a  given  pofition, 
when  the  fmalleft  inclination  from  that  pofition 
being  produced,  the  line  of  fupport  is  moved  to- 
wards thofe  parts  which  are  immerfed  by  the  incli- 
nation. 

The  line  of  fupport  is  the  vertical  line  paffing  through 
the  centre  of  gravity  of  the  part  immerfed, 

3.  A  body  cannot  float  permanently  on  a  fluid, 
unlefs  the  centres  of  gravity  of  the  folid  and  of 
the  part  immerfed  be  fituated  in  the  fame  vertical 
line. 

4.  A  body  will  not   always  float  permanently 

when 
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when  thefe  centres  arc  fituated  in  the  fame  verti- 
cal line. 

5.  If  the  line  of  fupport  be  moved  towards 
thofe  parts  which  are  elevated  by  the  inclination, 
the  folid  will  overfet. 

6.  If  the  line  of  fupport,  notwithftanding  the 
inclihation  of  the  body,  ftill  pafs  through  the  cen- 
tre of  gravity,  the  folid  will  continue  at  reft  in 
any  pofition. 

This,  as  is  eafily  feen^  will  take  place  in  a  floating  fphere, 
in  which  the  centre  of  gravity  of  the  pait  immerfed  is 
always  in  the  fame  vertical  line. 

7.  When  a  folid  is  placed  on  the  furfacc  of  a 
fluid,  fo  that  the  centres  of  gravity  of.  the  folid 
and  part  immerfed  (hall  be  in  the  fame  vertical 
line,  the  folid  is  faid  to  be  in  a  ftate  of  equili- 
brium. 

From  the  preceding  obfervations  it  appears,  that  there 
are  three  fpecies  of  equilibrium,  viz.  of  ftability,  inftabi- 
lity,  and  indifference, 

8.  When  a  floating  body  revolves  round  a  given 
axis,  and  pafles  through  feveral  pofitions  of  equili- 
brium, thofe  of  ftability  and  inftabilrty  are  alter- 
nate. 

For  if  we  fuppofe  the  body  to  revolve  on  its  axis  from 
one  pofition  of  ftable  equilibrium  to  the  next,  there  mull  be 
fomc  intermediate  pofition,  in  which  it  neither  inclines  to 
the  one  nor  to  the  other ;  this  therefore  muft  be  a  pofition  of 

unliable 
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unftaWc  equilibrium ;  bccaufe  if  the  body  be  inclined  either 
to  the  one  fide  or  the  other^  it  will  endeavour  to  regain 
cither  the  one  pofition  of  ftability,  or  the  other. 

9*  The  angular  motion  of  a  floating  body  is 
round  its  centre  of  gravity. 

Any  force  being  given  which  afts  upon  a  body,  In  order 
to  determine  its  angular  motion,  it  is  to  be  refolved  into 
two  forces,  one  of  which  pafles  through  the  centre  of  gra- 
vity, and  produces  a  progreflive  motion  only  5  the  other, 
which  Is  at  right  angles  to  the  former,  is  entirely  employed 
in  generating  an  angubr  motion  round  that  centre. 

to.  If  a  folid  be  placed  on  a  fluid,  and  there  be 
let  fall  a  perpendicular  from  the  centre  of  gravity 
of  the  part  immerfed  on  the  horizontal  furface  of 
the  Huid,  and  on  this  perpendicular  there  be  let 
fall  another  from  the  centre  of  gravity  of  the  whole 
folid,  and  a  plane  be  drawn  pafiing  through  thefe 
two  perpendiculars ;  when  the  folid  is  difturbed 
from  its  equilibrium,  it  will  begin  to  revolve  round 
an  axis  which  pafles  through  the  centre  of  gravity 
of  the'  body,  and  is  perpendicular  to  the  before- 
mentioned  plane. 

II.  The  force  of  rotation  is  proportional  to  the 
weight  of  the  body,  multiplied  by  the  perpendicu- 
lar diflance  between  the  two  vertical  lines  pafling 
through  the  centres  of  gravity  of  the  whole  folid 
and  the  part  immerfed. 

Ee  12:  If 
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12.  If  AB  be  the  water  line  of  a  floating  body 
whofe  figure  is  uniform  with  refpe&  to  the  axis  of 
motion,  ^the  volume  of  the  part  immerfed,  P 
the  part  immerfed  in  confequence  of  the  inclina- 
tion of  the  folid  from  its  ftate  of  equilibrium 
through  an  evanefcent  angle  whofe  fine  is  Si  radius 
being  i,  G  the  centre  of  gravity  of  the  folid,  O 
the  centre  of  gravity  of  the  part  immerfed,  then 
tvill  GZ^  the  perpendicular  diftance  between  the 
two  vertical  lines  pafling  through  the  centres  of  gra- 
vity of  the  part  immerfed  and  the  whole  body,  == 

j-~^GOxs. 

Fig.  35.  Let  ABHD  be  die  part  immericd  of"  a  tfoating 
body  whofe  centre  of  gravity  is  G,  0  the  centre  of  gravity  of 
the  part  immerfed;  let  the  body  be  inclined  round G  througb 
^e  evanefeent  angle  SGK  fo  as  to  aflume  the  pofition 
INMR ;  Uke  GE=GO^  and  from  E  let  fall  &e  perpendI-> 
cular  ET  on  OG  the  vertical  line  pafling  through  G  $  the 
part  XPN  which  is  immerfed  in  €onfe<pience  of  the  incli- 
nation =  IXW  the  part  elevated  above  the  furface,  and  the 
vertical  angles  at  X  are  equal,  therefore  the  interfc£lion  of 
the  lines  ItJ  and  AB^  that  is,  X  will  bifcft  die  line  AB, 
and  the  points  P,B^N  will  coincide ;  kt  d  and  0  be  the  cen- 
tres of  gravity  of  thefe  parts,  from  which  let  fall  the  pcr- 
pendicularls  ab,dc  on  AB,  Since  the  part  IXW  which  was 
before  immerfed,  is  now  elevated,  and  XPN  equal  to  it  is 
deprefledj  the  former  area  has  been  fubdu£ted  from  die  one 
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fide  and  transferred  to  the  other^  and  its  centre  of  gravity 
has  been  moved  horijiontally  through  the  fpace  be,  therefore 
the  centre  of*'gravity  of  the  whole  folid  will  be  moved  in 
the  fame  direction;  fuppofe  it  had  been  moved  to  ^, 
through  ^  draw  Ae  vertical  line  ^S  meeting  ET  in  T^ 
then  as  Vi  P: :  {ic=^B  =)  ^4B:ET{Art.ii.L.iu) 

=  » -rfJJX^.     Alfo  i:s:iGE  =  GO  :  ER  =  GOxs, 

whence  RTot  GZ  =  JST—^Il=^i ^^X^  —  GOx^. 

We  are  to  obferve^  th^t  the  centre  of  gravity  E  is  al- 
ways, of  eourfe,  moved  in  the  direAion  ET,  when  the 
body  is  depreflbd  on  th;(t  fidei  becaufe  tber^  is  an  increafe 
pf  the  depre^d  part  on  that  fide,  and  a  dedu£tion  on  thp 
other ;  on  the  quantity  of  this  tranilation  depend  the  threp 
fpecies  of  ecj^uilibrium.  If  the  quantity  of  the  tranflation  of 
E  be  fo  great  as  to  pafs  the  linp  GO,  as  reprefejited  in  the 
figure,  that  is,  if  ER  be  lefs  than  ET,  the  ec^uilibrium 
will  be  diat  of   ftability ;   if  the  tranflation  be  fuch,  a9 

p 
that  ER  ihaU  be  equal  to  ET,  or  GOXs  =  f  -rf5x-jr,tlie 

force  of  rotation  will  be  evanefcent,  and  the  equilibrium 
will  be  that  of  indifference ;  and  if  the  tranflation  be  fo 
little,  as  thftt  ET  fhalj  be  |cfs  than  ER,  or  that  »  JBx 

p 
_  —  GOXs  ihall  be  ^  negative  quantity,  the  equilibrium 

will  be  that  of  inftability,  and  the  body  being  inclined 
(hrou{;h  the  evanefcent  angle  KGS  will  overfet. 

E  C  *  13.  Alfp 
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13.  Alfo  the  ftability  of  the  foKd,  which  ispro* 
portional  to  GZ^  will  be  as j^  -^GOxs 

For  the  cvancfccnt  area  P  =  NJTP  =  ^—^^  =; 

2 

^^^^\  which  being  fubftituted,  we  have  GZ-^^±^ 
o  la  r 

COXs 

14.  If  the   folid  be  of  an  irregular  form,    the 

flability  will  be  as  the  fum  of  all  the ^y: GQ 

xs,  AB  reprefenting  the  water  line  of  every  verti- 
cal feftion  of  the  folid,  perpendicular  to  the  axis, 
of  motion. 

15.  If  the  floating  body  be  an  oblong  reftangur 
lar  parallelepiped,  whofe  altitude  is  perpendicular 
to  the  furface  of  the  fluid,  the  {lability  of  this  folid 
will  be  proportional  to  the  difference  between  the 
fixth  part  of  tKe  fquare  of  the  breadth  of  the  bafe, 
and  the  produd  of  the  fquare  of  the  altitude  into 
the  difference  between  the  number  expreffmg  the 
fpecific  gravity  of  the  folid  and  its  fquare,  that  of 
the  fluid  being  unity. 

Let  a  be  the  altitude  of  the  folid,  b  the  breadth  of  the 
bafe,  and  n  the  fpecific  gravity  of  the  folid,  AB^  the  cube 
of  the  water  hne=i3,  the  height  of  the  part  immerfed  = 
na^  and  therefore  V  the  part  immerfed  =  ngb  i  GO  the  dif- 

tance 
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taxice  between  the  centres  of  gravity  of  the  whole  body  and 

the  part  immerfcd  =  i  a  —  4  /Mr=  fH^,  therefore  the  fta^ 

2 

K:f ;«.» . .     *■        ^ — ^      **       «      :; 

rnntj : : ^^ — :=:      — ^a*  x  «— «*  • 

Thus  for  example,  fuppofe  the  height  tp  be  equal  to  the 
)>afe,  or  a  z=  ^,  and  it  be  required  to  afcertain  the  fpecific 
gravity  of  the  folid,  when  it  will  float  in  the  infenfible  equi^  , 


librium}  hcre_=  ^^  x  «  —  «S  therefore  «»  —  «  =^ 

*— ^i^  i  and  «  =  \-  ±\/[-^ly  that  is,  the  fpecific  gravity  of 

|lie.folidniay  be  either  .78868,  or  .21132. 

16.  If  the  floating  body  be  a  cylinder,  whofe 
axis  is  vertical,  the  liability  of  the. cylinder  will  be 
as  the  quotient  of  the  fcjuare  of  the  radius  of  the  - 
cylinder,  divided  by  four  tinies  the  height  of  the 
part  immerfed,  diniiniihed  by  the  diftance  between 
the  centres  of  gravity  of  the  whole  folid  and  the 
part  immerfed^ 

Fig.  36.  Let  RPSTht  the  feftipn  of  the  cylinder  m^dc 
by  the  fluid,  jiB  the  water  line  of  a  feftion  perpendicular 
to  the  axis  of  motion,  R^zz  r,  and  ^F  =:  at;  then  /IB 

=  2  \/r» — x^,  and  JB^  =  8r»— at^II  5  but  r«— x«1t  = 

r'-* — x^T  X  r2  ^  r»— a?»1t  x  *«.     Now  r'*—xA\  x  r^ 
==  r*  X  4  of  the  circle  whofe  radius  is  r,  when  *  incrcafes 


a^4 
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rx^  •         x^  x^ 

and  the  quantity  generated  = —  -^    -y  &c, 

^  '  •  3  lor  56r3 

See  jInaL  per  Equaiiones,  6cc.  which,  when  x  increafes  from 

o  to  r,  becomes  r4  x  :  i  ""  t  o  "^  t't>  *^^-  =  ^^  X  i  of 
a  circle  whofe  diameter  is  i ,  (vide  jinaL  per  Equationei,  page 
54.)—  r»  X  tV  ^^  ^  circle  whofe  radius  Is  r;  therefore  the 
whole  quantity  generated  by  r^—x^\r  will  be  r*  x  > — i^ 
of  a  circle  whofe  radius  is  r,  that  is,  =  r «  x  tV  ^^  **^  circle; 
and  the  fum  of  all  the  -/f J33  in  one  femi-circle  =  Sr^  X 
y\  of  the  circle  RPST^  and  the  fum  of  all  the  jtB^  in 
l>odi  femi-circles  z=  3r«  x  area  of  the  circle  RPSTy  the  vo- 
lume of  the  part  immerfed  is  equ^l  to  its  depth  {d)  X  the  cirv 

^c  RPST,  therefore  ^1  =  3ii^'?<circIeigPSrxx 
•  iiF  izdx  circle UPSr 


4^  lar  4a 

If  0  be  to  /  as  the  fpecific  gravity  of  th^  folid  to  that  of 

the  fluid,  then  the  depth  of  the  part  immerfed  will  be  /v, 

and  the  whole  height  of  the  cylinder  will  be  /,  therefore 

/— /« 
GO  =  4/—  i  Ai  =? }  8^nd  the  ^ability  of  the  cylinder 

^ill  be  proportional  to  r ^^  \  and  will  yamflt  whcn—- 

pr  if  i  be  put  equal  to  the  diameter  of  the  bafe,  »  =  |  + 
VA—  g^^    Therefore,  if  the  fpecific  gravity  of  the  cy- 

Un^cr 
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Under  be  half  that  of  the  fluid,  and  its  height  half  the 
diameter  of  the  bafe,  the  cylinder  will  float  in  a  date  of  in- 
ieniible  equilibrium.  See  Atwood's  excellent  memoir  oa, 
Floating  Bodies* 

17.  If  the  centre  of  gravity  of  the  folid  bfc 
iituated  below  the  metacentre,  the  folid  will  float 
with  (lability  ^  if  the  centre  of  gravity  coincide 
with  the  metacentre,  the  liability  vanifhes,  and 
the  folid  will  float  indifferently  in  all  pofitions^ 
if  the  centre  of  gravity  be  placed  above  the  meta- 
centre,  the  equilibrium  of  the  body  will  be  that 
of  inflability. 

The  metacentre  is  the  point  S,  the  interfeftion  of  the 
axis  SL  paffing  through  G  the  centre  of  gravity  round  which 
the  body  revolves  through  an  indefinitely  little  angle,  with 
SF  the  line  of  fupport ;  now  if  6  be  fituated  below  S,  as 
reprefented  in  the  figure,  the  line  of  fupport  is  moved  to« 
wards  thofe  parts  which  are  immerfed  by  the  inclination^ 
and  therefore  the  equilibrium  is  that  of  inability ;  if  £  co- 
incide with  G,  .the  line  of  fupport  coincides  with  KO,  and 
therefore  the  body  will  float  indifferently ;  if  S  fall  below 
C,  that  is,  if  i^  pafs  between  EmdR,  the  line  of  fup- 
port  will  be  moved  towards  thofe  parts  which  are  elevated 
by  the  inclination,  and  therefore  the  poiition  of  the  body 
will  be  inftable. 

18.  The  diftance  of  the  metacentre  from  the 

centre  of  gravity  is   =2  the  fum  of  all  the  — y. 


[ 


GO. 


For 


Digitized  by  VjOOQ IC 


'Jtl6  HTDROSTATied.  L«  4« 

For  SGz=L^^\  but  GZ  =  thcfumof  aUthcJ^il 

^GOxs* 

19.  The  meafure  of  liability  is  the  produft  of 
the  weight  of  the  body,  the  diftance  between  the 
centre  of  gravity  and  metacentre,  and  the  fine  of 
angle  through  which  the  body  is  inclined. 

For  if  W  he  the  weight  of  the  body,  the  meafure  of 
ftability  id  JTxGZi  but  GZ  =  SGX/. 

20.  The  ofcillations  of  a  floating  body  in  finite 
angles  are  not  analogous  to  the  ofcillations  of  a 
cycloidal  pendulum. 

Becaufe  the  force  of  ftability  varies  in  a  proportion  very 
different  from  that  of  the  diftance  from  quiefcence,  unlefs 
the  arcs  of  vibration  be  of  evanefcent  magnitude. 


LECTURE 


Digitized  by  VjOOQIC 


L    5.  HYDROSTATIM.  ilj 


LECTURE    V. 


*•  1  HE  fpecific  gravity  of  a  lighter  folid  is  to 
that  of  the  fluid  on  which  it  floats,  as  the  part 
immerfed  to  the  whole  body. 

This  method  of  determining  the  ratio  of  the  fpecific 
gravities  of  the  folid  and  fluid  is  not  very  exa£b,  becaufe  it 
is  difficult  to  determine  the  magnitude  of  the  part  immerfed,^ 
upon  account  of  the  agitation  of  the  folid,  and  the  attrac- 
tion or  repulfion  which  may  fubfift  between  it  and  the 
fluid;  and  even  though  the  magnitude  of  the  part  im- 
merfed were  accurately  known,  yet  ftill  its  ratio  to  the 
whole  could  feldom  be  accurately  afcertained« 

2.  The  fpecific  gravities  of  two  folids  both 
lighter  than  the  fluid,  are  to  each  other  direftly  as 
the  magnitudes  of  the  parts  immerfed,  and  in- 
verfely  as  the  whole  bodies. 

F  f  3.  If 
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3.  If  a  body  be  lighter  than  the  fluid  its  fpecific 
gravity  may  be  thus  found :  take  another  folid 
heavier  than  the  fluid,  fo  that  both  together  may 
fmk  J  balance  the  heavier  in  water,  and  add  the 
lighter  to  the  fcale  to  which  the  heavier  is  attached, 
the  weight  which  reftores  the  equilibrium  is  the 
weight  of  the  Kghter  folid  in  air ;  then  conncft  the 
lighter  with  the  heavier  under  water,  the  weight 
which  reftores  the  equilibrium  is  the  weight  of  a 
portion  of  the  fluid  of  the  fame  bulk  with  the 
lighter,  therefore  the  fpecific  gravity  of  the  folid  is 
to  that  of  the  fluid,  as  the  former  weight  to  the 
latter. 

If  the  folid,  whofe  fpecific  gravity  is  fought,  be  diflblvable 
in  water,  let  fome  other  liquid  be  made  ufe  of,  which  will 
not  difTolve  it ;  and  the  fpecific  gravity  of  the  folid  will  be 
to  that  of  water,  in  a  ratio  compounded  of  the  ratios  of  its 
fpecific  gravity  to  that  of  the  intermediate  fluid,  and  of  the 
intermediate  fluid  to  water. 

If  the  body  to  be  examined  confift  of  fmall  fragments, 
they  may  be  put  into  a  fmall  bucket  and  weighed,  and  their 
fpecific  gravity  determined  as  in  this  article,  where  a  lighter 
body  is  cotine£):ed  with  an  heavier. 

4.  The  fpecific  gravities  of  two  fluids,  both  hea- 
vier than  a  folid,  are  to  each  other  reciprocally  as 
the  parts  of  that  fame  folid  refpeftively  immerfecl 
in  them. 

5.  The  hydrometer  is  an  inftrument,  which  con- 

fifts 
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fifts  of  an  eyen  flender  ftem  graduated,  and  Inferted 
into  a  hollow  ball,  fo  as  that  it  may  fink  in  va- 
rious fluids  to  different  depths  marked  on  the  ftem  s 
the  fpecific  gravities  of  thofe  fluids  will  be  iij- 
verfely  as  the  parts  of  the  hydrometer,  which  ar? 
immerfed  in  them. 

If  it  be  required,  that  different  hydrometers  fliould  be 
graduated  in  the  fame  manner,  and  by  the  fame  numbers 
on  the  ftem  denote  the  fame  fpecific  gravity.  Jet  there  be 
two  iiandard  fluids  jQxed  qu,  whofe  fpeci^c  gravities  are 
known  and  cpnftant ;  then  fink  the  hydrometer  in  the  hea- 
yieft  ftandard  fluid,  fo  as  that  it  fhall  rife  aboire  the  ball^ 
and  note  the  place ;  then  fink  it  in  the  lighter,  and  obferve 
where  it  cuts  the  ftem ;  the  ratio  of  the  fpecific  gravities 
being  given,  the  ratio  of  the  parts  immerfed  is  alfo  given^ 
and  therefore  the  ratio  of  the  whole  to  the  ftandard  inter- 
val intercepted  between  the  two  points,  where  the  two  ftan- 
dard fluids  cut  the  ftem ;  which  ftandard  interval  may  then 
be  divided  in  any  propofed  manner.  Or  the  graduation 
may  be  thus  performed,  more  conveniently,  with  only  one 
ftandard  fluid;  immerfe  the  hydrometer  in  this  ftandard 
fluid,  as  fuppofe  diftilled  water,  and  mark  the  point  to 
which  the  fluid  rifes  on  /the  ftem,  then  add  to  the  ftem  a 
weight  which  bears  the  fame  proportion  in  each  to  the 
weight  of  the  whole  hydrometer,  and  obferve  the  point  tp 
which  the  inftrument  defcends,  this  will  be  the  other  ex- 
tremity of  the  fcale,  which  is  to  be  divided  into  the  fan^e 
number  of  parts.    If  the  ftem  have  four  faces,  it  maybe 

F  f  a  m^^de 
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made  equivalent  to  one  of  four  times  die  length  by  three 
different  weights  which  may  be  fucceflSvely  fixed  on  the 
top  of  the  ftem. 

There  is  another  method  of  comparing  the  fpecific  gra- 
vities of  fluids  by  a  feries  of  glafs  balls,  varying  by  fmall 
degrees  in  fpecific  gravity  j  the  degree  of  each  is  firft  ac- 
curately determined ;  thefe  balls  being  thrown  into  a  fluid, 
fome  will  fink,  others  float,  and  one  only  will  remain  fuf- 
pended,  which  is  of  the  fame  fpecific  gravity  with  the 
fluid ;  hut  this  method  is  obvioufly  inaccurate.  There  is 
another  much  more  accurate,  and  fufficiently  expeditious, 
which  is  by  filling  a  given  veflel  with  the  different  fluids 
fucceflively,  and  finding  the  weights  of  the  contents :  the 
ratio  of  the  weights  will  be  that  of  the  fpecific  gravities. 

6.  If  a  veflel  contain  twp  immifcible  fluids^ 
as  water  and  mercury,  and  a  folid  of  fome  inter- 
inediate  fpecific  gravity  be  immerfed  under  the  fur- 
face  of  the  lighter  fluid,  and  float  on  the  heavier  ; 
the  part  of  the  folid  immerfed  in  the  heayier  fluid 
is  to  the  whole  folid,  as  the  difference  between 
the  fpecific  gravities  of  the  folid  and  lighter  fluid 
to  the  difference  between  the  fpecific  gravities  of 
the  two  fluids. 

Let  the  fpecific  gravity  of  the  heavier  fluid  be  a,  the  part 
of  the  folid  immerfed  in  it  ^;  the  fpecific  gravity  of  the 
lighter  *,  the  part  of  the  folid  immerfed  in  it  J?  j  the  folid 
itfelf  J+B,  and  its  fpecific  gravity  c,  then  we  have  av^-f 

tff 
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bB=cJJ^cB^  an4  a  J  —  cA  zz^  cB — bB ;  therefore  c — b : 
a — c  :  :  A  :  By  an4  c — b  :  a — b  w  A  \  A+B. 

Hence  it  appears,  that  the  common  rule  for  afcertaining 
the  fpecific  grayities  of  a  fluid  and  a  lighter  folid^  by  the 
ratio  of  the  part  immerfed  ^o  the  ^de,  is  not  accurately 
true  'f  J>cquxfe  the  air  15  a  heayy  fluid,  ^d  therefore  every 
jCblid  floating  on  a  fluid  is  in  hSt  a  folid  of  intermediate 
fpeci&c  gravity  floating  between  two  immifciWe  fluids. 
So  that  to  render  the  rule  accurate,  yre  mull  fubduft  the 
number  exprefling  the  fpecific  gravity  of  air  from  the  two 
numbers  exprefling  the  fpecific  gravities  of  the  folid  and 
the  fluid  on  which  it  floats. 

7.  If  two  fluids  of  different  fpecific  gravities  be 
mixed  together  in  any  proportion,  fo  as  to  com- 
pofe  another  fluid  of  fome  intermediate  fpecific 
gravity,  the  magnitude  of  the  heavier  fluid  will 
be  to  the  whole,  as  the  difference  between  thp  fpe- 
cific grayities  of  the  refulting  and  lighter  fluids  to 
the  difference  between  the  fpecific  gravities  of  the 
two  given  fluids. 

This  ratio  is  true  only  on  fuppofition  that  the  magnitude 
of  the  two  fluids  when  mixed  is  equal  to  the  fum  of  their 
magnitudes  when  feparate;  but  this  is  feldom  the  cafe, 
owing  to  the  chemical  ^a£^ion  of  the  two  fluids  on  each 
other.  The  rule  therefore  is  chiefly  of  ufe  in  determining 
the  quantity  of  penetration  or  rarefaflion,  by  comparing  the 
computed  magnitudes  or  denfitics,  with  thofc  which  ar^ 
^fcovered  by  obfervation. 

8.  If 
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8.  If  M  be  the  magnitude,  S  the  fpecific  gra* 
vity,  and  fF  the  weight  in  avoirdupois  ounces  of 
any  body,  the  fpecific  gravity  of  water  being  unity, 

then  will  M= r,  eftimated  in  cubic  feet. 

1000  S 

Becaufe  a  cubic  ioot  of  water  weighs  juft  1000  ounces 
avoirdupois.  But  in  philofophical  fubje£ts,  the  weights  of 
bodies  being  for  the  mod  part  fmall,  arc  eftimated  in  troy 
ounces  or  grains,  the  magnitudes  being  referred  to  a  cubic 
Inch  as  a  ftandard  ^  and  fince  a  cubic  inch  of  water  weighs 

253.18  grains,  or — ^ — =  152746  of  an  ounce,  the  mag- 

jfr 

nitudeof  the  folid  eftimated  in  cubic  Inches  =r s» 

253.18  tf 

when  the  weight  W  Is  in  grains;  or  =z -^-^  when  the 

,5^7465' 

weight  is  eftimated  in  troy  ounces^ 

The  capacity  of  an  irregular  veflel  Is  determined  in  the 

fame  manner,  by  determining  the  weight,  and  thence  the 

magnitude  of  the  water  which  fills  it. 

9.  The  weiglit  /f^of  a  body  eftimated  in  avoir- 
dupois ounces  ==  Mx  S  x  looo,  the  magnitude 
being  given  in  cubic  feet. 

The  weight  eftimated  in  grains  =  Jfef X*X253.i8,  the 
magnitude  ^  being  given  in  cubic  inches  i  and  if  eftimated 
in  trpy  ounces,  JT  =  MxSX  ,52746. 


AEROSTATICS, 
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1.  .Air  is  a  ponderous  fluid. 

2.  If  a  glafs  tube  more  than  thirty  one  inches 
in  length,  one  extremity  of  which  is  clofed,  be 
filled  with  mercury,  and  the  other ,  extremity  be 
immerfed  in  a  veflel  of  the  fame  fluid ;  the  mer- 
cury in  the  tube  will  defcend  from  the  upper  ex- 
tremity, and  will  remain  fufpended  at  fome  alti- 
tude, between  28  and  3 1  inches  from .  the  furface 

of  the  external  mercury. 

This 
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This  inftrumcnt  is  called  a  barometer;  becaufe  the 
weight  of  a  column  of  mercury,  whofe  bafe  is  the  ori- 
fice of  the  tube,  and  altitude  equal  to  that  of  the  mercury 
in  the  tube  above  the  external  furface,  is  equal  to  the 
weight  of  a  column  of  air  extending  to  the  top  of  the 
atmofphere,^  and  whofe  bafe  is  the  fame  orifice.  And 
fince  the  weight  of  this  column  of  quickfilver,  cseteris 
paribus^  is  as  its  altitude,  it  follows,  that  the  weight  of 
the  air  is  proportional  to  the  altitude  of  the  mercury  in 
the  barometer.    This  is  the  Torricellian  experiment 

The  altitude,  at  which  the  mercury  is  fuftained  in  the 
barometer  above  the  furface  of  the  external  mercury  is 
called  the  ftandard  altitude.  The  prefiure  of  the  atmof^ 
phere  is  equal  to  about  fifteen  pounds  avoirdupois,  at  the 
medium  height  of  the  barometer  or  29!  inches,  upon  every 
fquare  inch:  for  a  cubic  foot  of  mercury  is  nearly  = 
13600  ounces;  therefore  a  cubic  inch=  8  ounces  nearly, 
and  29J  X  8  =  238  ounces  =15  pounds  nearly. 

3.  The  perpendicular  altitude  of  the  mercury 
in  any  number  of  tubes  thus  immerfed,  will  be 
the  fame,  whatever  be  their  bores  or  pofition. 

For  the  force  preffing  the  quickfilver  upwards  is  the 
weight  of  a  column  of  air  reaching  to  the  top  of  the  at- 
mofphere,  whofe  bafe  is  the  orifice  of  the  tube ;  the  force 
fuftaining  the  quickfilver  is  therefore,  in  different  tubes, 
always  dircftly  proportional  to  the  orifice;  the  force  of 
the  quickfilver  therefore  preffing  downwards,  being  equal 
to  the  force  preffing  it  up,  is  as  the  orifice ;  but  the  force 

of 
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of  the  qulckfilv^  i$  idfo  as .  i^  pcrpendioular  .altitude  X 
thp  orifice }  therefore  the  perpeinlicular  altitude  X  the  ori- 
ifiqe  is  : :  the  orifice;  that  is^  the  perpendicular  altitude  in 
all  the  tubes  is  the  Yame. 

4.  If  fhc  tube  be  lerstliari  28  inches  loh^/  the 
mercury  will  remain  contiguous  to  "the  upper' fur- 
Face  of  thfe  tube.  . .     " 

fiiscaufe.thepreffur^bf  the  air,  whenleaft,  is  equivalent 
to  the  weight  of  a '  column  pfniercjiry,  wbofe  altitude,  is 
twenty-eight  inches..  ^  ,  * , 

5.'  If  a  barometer  be  placed  undec  the  receiver 
of  an  air  pump,,  a^ the.airis.cx^ijLftJL^  the  mer; 
c^ry  delcends,  im^il  it  is^esd^^n^  leviel.with  tJtrf 
mfifcmyin  the  refetvoin  .  . . 

6^  if  a. tube. more  than  thirty ^nc  itichts  toag^ 
^[^xii  at  both  eniis>  cbmmunkate  at  one  eictremity 
with  the ,  refervoir  of  an  «if-purtTp,  ^nd  the  other 
be  rmmetfcd  in  a  veffel  of  quickfrlver  expofed  to 
the  external  atr,  as  the  air  is  exhaufting,  the  mer- 
cury aftends  in  the  tube,  tintfl  it  neariy  attains  the 
ftandard  altitude. 

A  tube  thus  applied  i$  called  a  gage.  -  From  t^e  two  pre- 
«*iig  crpctimcTrts  it  foltows,  that  the  ^ufpcnfion  of  the 
liiiere«ir^  in  Ae  harowveter  is  iietAer  caufed  by  the  fuga 
%«ettl  of  the  Peripatetics^  nor  the  mercurid  fimicle  of  Li- 
•H»,  .bftt  fbtely  by  die  weight  of  Ae  atmofphcre. 

7.  If  a  barometer  whofe  lower  extremity  is  im- 
merfed  in  a  bafon  of  mercury,  be  fufpended  from 

Gg  the 
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fhc  arm  of  a  balance,  tfie  weight  rteceflary  to  be 
put  into  the  oppofite  fcate,  in  order  to  pr'elerVe  the 
equilibrium,  will  be  equat  to  the  weight  of  the 
tube,  and  of  as  much  mercury  as  ftands  in  the  tube 
above  the  level  of  that  in  the  balon.   . 

It  might  at  firft  be  foppoHcd,  that  the  iiveigKt  requifite 
to  Induce  the  bannneter  wpuld  b«  equal  only  to  the  wdght 
of  the  tube,  fince  the  mercury  is  f^ftamed  by  the  prefluie 
of  the  atmofphertf.  But  it  is  to  be  confidered,  that  the 
weight  which  babnces  die  barometer  is  not  aftually  the 
counterpoile  of  the  mercury  widiin  the  tube ;  but  of  aii 
equiraknt  eolumtr  of  a!r  which  prefles  upon  the  crown  of 
the  tube}  for  die  weight  of  this  cdumn  of  air  is  not 
counterbalanced,  and  fo  rendered  ineficient  by  ail  equal 
prefliire  below,  as  it  is:  when  the  tube  is  empty,  that  coun- 
ierbalancc  bein|r  now  otherwiie  employed  in  bearing  tqp 
the  quickiilver  within  the  tube* 

8*  If  a  tube  hermetically  fealed,  and  more  than 
thirty-four  feet  long  be  filled  with  water,  and  in- 
verted into  a  veQel  of  the  fame  fluid,  it  will  fink 
down  and  lubfide  at  the  altitude  of  thirty*four  feet 
above  the  furface  of  the  external  water. 

This  is  called  the  Pafchalian  experiment,,  from  its  ma£« 
ter  the  celebrated  Pafchal^  who  contrived  k  in.  order  to 
refute  the  opinion  of  the  Peripatet&cs^  who  held,  that  the 
upper  part  of  die  barometer  deferted  by  die  mercury  was 
abfolutely  filled  by  extremely  fubtile  fpirits  feparated  finom 

the 
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the  quickfilrer  ia  the  tube.  For  if  diis  w^re  (To,  the  more 
fpiritaous  the  fluid,  the  lower  would  it  fubfide  in  the 
tube,  whereas  wine,  which  is  maxiifeftlf  mor^  fpiritu«> 
ous  than  water,  was  nevertheleis  found  to  be  fuftained  %t 
%  greater  altitude^ 


Gga  LECTtJRE 
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LECTURE    11. 


I- IF  a  ilendcr  harizontal  tube  be  infertcd  into  a 
larger  tube  hermetically  lealed,  whofe  altitude  is 
greater  than  thirty-one  inches,  and  the  vertical 
tube  be  filled  with  mercury,  any  variation  of  the 
ftandard  altitude  will  be  to  the  contemporaneous 
variation  in  the  length  of  the  horizontal  cylinder, 
inverfely  as  the  fquares  of  thp  diameters. 

This  is  called  the  rc£laijgular  barometer.  The  advan- 
tages arifing  from  being  able  to  obferve  very  minute  varia- 
tions  in  the  height  of  the  inercury  have  given  riCs  to  a 
great  variety  of  barometers  of  difierent  conftru£lionS|  all 
however  founded  on  die  fame  principle. 

2.  If  a  vertical  barometer  be  bent  at  the  height 
of  twenty-eight  inches,  fo  as  that  the  perpendicu- 
lar altitude  of  the  fcaled  extremity  (hall  be  more 

.    than 
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tkan  thirtyrOn^  inches  above  the  level  of  the  mer- 
cury in  the  refervoiri  the  variation  of  the  height 
of  the  mercury  in  thi^  baron^ter  will  be  to  the 
contemp<»*aneous  variation  of  the  height  in  the 
perpendiculat  barometer,  as  radios  to  the  fine  of 
the  angle  which  the  )>ent  part  makes  with  the  ho? 
rizon. 

From  the  length  of  the  fcale  in  the  rejiangiilar  baro? 
iQcter,  the  attrition  of  the  mercury  ag^inft  the  fides  of  the 
tnbe,  anfl  the  fiidden  afcents  and  defcentsof  die  quickfilverj 
the  continuity  of  ihfi  fluid  h  apt  to  be  deftroyed.  To 
remedy  this  defeft  the  diagonal  barometer  was  contrivedj 
in  which  tl^e  fcale  of  yariation  might  be  greater  than  in 
the  upright  barometer,  'though  not  fo  great  as  ip  the  re6i- 
angiilarj  and  therefore  the  rife  and  fall  more  regular  9  but 
the  want  of  exadnefs  in  the  termination  of  the  furface  of 
the  mercury,  by  which  its  height  is  ^enoted,  has  been  found 
more  than  fafl^cient  to  counterbalance  the  advantage  of  an 
enlarged  fcale.  The  vertical  baroineter  "Is  therefore  now 
generaOy  ixfed*  -^ 

3.  The  cautions  to  be  qbferved  in  the  cbnftruc- 
tion  <rf  a  barometer  are  i^.  That  the  furface  of 
the  mercury  in  the  refervoir  be  always  kept  at  the 
fame  altitude,  i^r.  If  it  be  not,  the  ciftern  ought  ' 
to  be  cylindrical,  and  the  ratio  of  its  diameter  to 
that  of  the  tube  accurately  afcertained,  and  the 
fcale  divided  accordingly.  3^7.  A  Nonips  or  Ver- 
nier 
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nier  (hoqid  be  applied  to  the  fcale  of  vamti<Hft« 
4^^.  The  barometer  tube  Ihould  be  truly  cylin- 
drical.  5*^.  The  inner  furfacc  of  the  tube  (hould 
be  pcrfedly  clean.  6^^.  The  mercury  ihould  be 
purged  from  all  heterogeneous  matter.  7*.  It  ' 
ihould  be  carefully  freed  from  all  aerial  particles  -, 
which  is  generally  done  by  boiling  the  mercury  in 
the  tube. 

4.  If  a  line  confifl  of  equal  parts,  each- equal  to 
py  and  it  be  required  to  fubdivide  each  of  theie 
divifions  into  n  equal  parts,  take  another  line, 
called  the  nonius,  equal  to  «+ 1  parts,  each  of 
ubich  is  equal  to  ^,  and  divide  this  nonius  into  n 
equal  parts :  now  if  the  jipniys  be  applied  to  the 
given  line,  fo  that  its  extrenjity  fhall  coincide  with 
any  divifion  of  the  fcale,  the  diftancc  between  the 

two  firft  divifions  from  coincidence  will  be  SLi  the 

n 

diftancc .  between  thp  two  next  will  be  -^;  the 

diftance  between  the  two  next,  will  be  "  5  and  fo 

n 

on,  until  the  diftance  between  tlje  two  lail  divifions 
becomes  -^  ^'p. 


Since  the  nonius  and  given  line,  whofe  lengths  are  rt+i 
and  n  parts,  each  of  whi^h  is  equal  to  p,  arc  divided  into 
the  fame  number  of  parts  tty  each  part  of  the  nonius  will 
be  to  each  part  of  the  fcale  diredly  as  the  magnitude  of 

thefc 
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thcfc  lines,  that  is,  as  «+i  to  «,  br  as  i  +  -L  to  i;  that 

11  'ft       ' 

is,  each  part  of  the  nomua.  eiiceedd  each  part  of  the  fcale 
by  -L  •  part  of  p,  one  of  the  dxvifions  of  the  fcale.    Thcre- 

fore  if  the  nonius  be  applied  to  the  given  line,  fo  as  that 
its  extremity  (hall  coincide  with  any  diviiion  of  the  fcale; 
the  diftance  between  the  two  firft  divifions  from  coinci- 

p 

dence  will  be  ^ — ;  the  diftance  between  the  two  next  will 
u 

be  — •  and  fo  on« 

n 

It  is  evident,  that  the  fame  fubdiviiion  may  be  eScGted 


by  making  the  nonius  =  n — i  parts  of  the  fcale„  and  di« 

viding  it  into  n  parts  as  before^ 

ji  til 

When  die  divifions  of  the  nomus  are  i .'      part  of  a 

n 

divifion  of  die  fcalcj  they  will  each  be  lefs  than  this  divi- 

,  tb 
Con  by  —    part;  but  as  larger  divifions  are  more  accu^ 

rate  than  (mallcrf  it  feems  better  to  make  the  nonius  =: 


n+i  parts  of  die  fcale* 

The  numbers  on  die^nonhia  and  fcale  will  -obferve  a  con- 
trary or  the  fame  order,  according  as  the  divifions  of  the 


jlth  llth 

nonius  are  t+— ^  •    part,  on •    part  of  the  divifions 

n  H 

of  .the  fcale. 

If  the  index  of  the  nonius  cut  off  a  part  which  is  not 

an  aliquot  part  of  one  of  the  divifions  of  the  limb,  it  is 

evident 
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erident  thtt  no  two  divi(ioii$  of  the  nonius  and  Umb  wiU 
coincide.  To  remedy  any  fcnlible  error  arifing  from  this, 
a  mierotnetet  Is  fometimes  appti«d. 

5.  If  mercury  be  poUred  into  a  conical  ftibe^ 
the  fmaller  end  of  which  is  hermetically  {ealed, 
and  the  tube  be  then  inverted,  the  merctiry  will 
be  fuftained  at  the  {landard  altitude. 

When  the  prefluit  of  the  atmofphere  is  increafed,  the 
increary  is  forced  up  into  a  higher  part  of  tlie  tube,  be- 
caufe  the  quantity  of  mercury  being  given,  it  will  occupy 
a  greater  length  of  the  tube  where  it  is  naxrow^s  the  cqik 
trary  will  happen  when  the  prefTure  of  the  air  is  diminifli-> 
ed.    Hus  is  called  the  conical  harometer. 

6.  The  variation  in  the  fcale  of  the  conicd  ba- 
rometer is  to  the  contemporaneous  variation  in  the 
(bale  of  the  vortical  barometer,  aa  the  fquafe  of 
the  diameter  of  the  lower  furface  of  the  mercury 
to  the  difference  of  the  fquares  of  the  diameters  of 
the  lower  and  higher  fuffaces. 

7*  The  air  is  an  elaftic  fluid. 

Tlie  elafticity  of  air  differs  from  the  daftictly  of  folid 
bodies  in  thifti  that  when  the  tomprd&ng  fertre  is  rcmov- 
cd^  the  air  occupies  a  much  greatet  Ipace  than  it  did  be» 
fore;  whereas  folid  claftie' bodies  only  iPcfunfe  their  for- 
imer  magnitude  and  figure. 

8.  Heat  increafes  the  elafticity  of  air>  attd  cold 
diminiflies  it. 


It 
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It  has  been  found  by  experiment,  that  the  elafticity  of 
the  air  is  increafed  one  .435^*^  part,  by.  each  degree  of 
neat  exprcffcd  by  Farenheit's  dieraiometer,  of  which  there 
are  180  between  the  boiling  heat  and  the  freezing  of  waten 

9.  The  air  is  alfo  a  compreflible  fluid. 

Air  can  undergo  the  ftrongefl:  compreflion  without  de« 
compofition;  Hales  by  compreffion  rendered  air  ahnoft 
twice  denfer  than  water,  neverthelefs  it  appeared  to  fu£Fer 
jio  change. 

10.  The  elaftic  force  of  the  air  is  equivalent  to 
the  force  which  comprefles  it. 

Frbm  this  property  it  is,  that  the  fmall  quantity  of  air 
contained  in  animal  and  vegetable  bodies  is  able  to  coun-* 
terafl  the  violent  prefliire  of  the  atmbfphere,  which  would 
otherwife  deftroy  the  arfangement  of  their  parts. 

11.  The  fpaces  into  \vhich  a  given  quantity  of 
air  is  comprefled,  are  reciprocally  as  the  compreiT- 
ing  forces. 

12.  The  denfity  of  the  air  is  dire6tly  as  the  cpm- 
preffing  force. 

We  Qxovild  obferve^  that  the  rule  thus  laid  down  muft 
be  underftood  with  fome  litpitation,  for  experience  proves 
it  defe£l:ive  after  a  certain  degree  of  condenfation  has  been 
effe£ted :  thus  after  air  has  been  compreiled  into  a  fourth 
part  of  its  volume,  the  force  requifite  to  produce  a  certain^ 
degree  of  farther  condenfation  is  greater  than  that  indica« 
ted  by  the  rule. 

13.  The  denfity  of  the  air  is  different  at  diffe- 

H  h  rent 
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rent  altitudes  above  the  earth's  furface,  the  inferior 
ftrata  being  more  compreiTed. 

14-  The  particles  of  air  repel  each  other  with 
forces  which  vary  inverfeljr  as  the  diftances  between 
their  centres. 

15.  If  a  tube  of  afmall  bore  be  ififerted  into  a 
glais  ball,  and  a  fmall  quantity  o£  mercury  put 
into  the  tube,  the  afcent  and  defcent  of  the  mer- 
cury in  the  tube  will  depend  on  the  denfity  of  the 

air« 

This  inftruixient  is  called  a  manometer ;  it  iiffcrs  from 
the  barometer  in  this,  that  the  one  meafures  the  weight, 
the  other  the  denfity  of  the  air,  which  depefids  not  only  on 
the  weight  of  the  atmofphere,  but  alfo  on  the  a&ion  of 
heat  and  cold. 

If  a  fcale  be  placed  on  the  fide  of  the  tube,  marking  the 
degrees  of  dilatation  arifixig  from  an  increafe  of  heat,  in  the 
mean  height  of  the  barometer  or  29.7  inches^  the  mano« 
meter  will,  in  this  ftate,  (hew  the  degrees  of  heat  in  the 
fame  manner  as  a  thermometer.  But  if  the  air  become 
lighter  or  heavier,  that  which  is  inclofed  in  the  baM,  bekig 
Icfs  or  more  compreilcd,  will  either  occupy  a  proportionally 
greater  or  kfs  fpace,  and  the  inftrument  will  (hew  the  dif'^ 
ferences  in  the  denfity  of  the  air  arifing  from  the  changes 
in  its  weight  and  heat  conjomtly^ 


LECTURE 
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LECTURE    HI. 


I.  1  HE  altitude  of  the  mercury  in  a  barometer 
elevated  above  the  earth's  furface  is  obferved  to  be 
lefs  than  the  ftandard  altitude  at  the  earth's  fur-' 
face. 

This  diminution  is  the  height  of  a  column  of  mercury^ 
whpfe  weight  i9  equal  to  that  of  the  intermediate  column 
of  air  between  the  earth's  furface  and  the  elevated  baro- 
meter. 

If  a  barometer  be  carried  to  an  altitude  of  54  feet^  th^ 
mercury  is  obferved  to  fink  about  -^  of  an  inch. 

2.  The  height  of  an  homogeneous  atmofphere  is 
to  the  height  of  the  mercury  in  the  barometer,  as 
the  fpecific  gravity  of  the  mercury  to  that  of  the 
air. 

Since  the  fpecific  gravity  of  air  is  to  that  of  water^  as 
1^2318  to  xooo^  and  water  to  mercury  as  i  to  13.6$  and 

Hh  a  fincQ 
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(ince  the  ftandard  altitude  is  thirty  inches  or  2i  feet,  the 
height  of  the  homogeneous  atmofphere  above  the  furface 
of  the  earth  is  27600  feet. 

If  the  fpecific  gravity  of  the  quickfilver  be  variable,  its 
mean  height  being  ftill  fuppofed  2.5  feet,  the  height  of 
the  homogeneous  atmofphere  will  vary  in  the  fame  pro- 
portion. Now  the  fpecific  gravity  of  every  material  fub- 
ftance  varies  with  its  temperature;  and  it  is  found  by 
experiment,  that  when  the  mercury  in  the  barometer 
ftands  at  its  mean  height  of  thirty  inches,  the  difier- 
^nce  between  the  lengths  of  that  column  of  mercury 
fucceffively  heated  to  the  temperature  of   boiling  water, 

and  cooled  to  that  of  melting  ice,  is of  the  mean 

S3»333 

height.  But  the  whole  extent  of  Farenheit's  fcale  be- 
tween thefe  two  degrees  of  temperature  is  i8o* ;  there* 
fore  the  change  of  the  height  of  the  mercury  in  the  baro«> 
inetcr,  due  to  one  degree  of  the  thormdmeter,  is  ahvays  = 

X  =  — ? — "   part  of  the  whole  height. 


53>333  i«o         9600 

In  the  fame  manner,  the  expanfion  of  air  is  equal  lo  thf^ 

part  of  its  bulk,  foy  each  degree  of  Farenheit. 

435 

3.  The  height  of  the  atmofphere,  which  is  uni- 
formly of  the  fame  denfity  with  the  air  at  any  alti* 
tude  above  the  earth's  furface,  is  a  couftant  quan- 
tity. 

For  let  the  fpecific  gravity  of  air  he  to  that  of  mercury 
fs  n  to  I,  and  let  u  be  the  altitude  of  the  mercury  in  the 

baro^ 
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barometer  at  any  elevation,  and  b  the  height  of  the  homo* 

geneous  atmofphere  fought^  then  is  h  = — ;  but  n  will  be 

ft 

always  a  meafure  of  the  air's  denfity  and  preflure,  and 

therefore  is  always  dire£tly  as  a^  confequently —  is  a  con-^ 

n 

ftant  quantity. 

4.  The  height  of  the  homogeneous  atmofphere, 
at  any  given  ftation,  is  not  varied  by  any  difference 
in  the  weight  of  the  air. 

This  follows  from  the  laft  article,  the  efFe&s  of  heat  and 
cold  not  being  confidered.  But  if,  the  prefTure  remaining 
the  fame,  the  elafticity  be  varied,  the  denfity,  and  confe- 
quently the  height  of  the  homogeneous  atmofphere  will  be 
varied  in  die  fame  proportion. 

5.  If  a  right  line  perpendicular  to  the  furface  of 
the  earth  be  made  the  axis  of  a  curve  whofe  ordi- 
nates,  drawn  at  right  angles  to  different  points  of 
the  axis,  exprefs  the  denfities  of  the  air  in  thofe 
points,  this  curve  will  be  the  logarithmic. 

Hence  if  any  number  of  diftances  from  the  furface  of 
the  earth  be  taken  in  arithmetical  progreiSon,  the  denfities 
of  the  air  at  thofe  diftances  will  be  in  geometrical  progref- 
iion.  "* 

6.  The  ftibtangent  of  this  logarithmic  curve  is 
equal  to  the  height  of  the  homogeneous  atmof- 
phere^ 

7.  The  difference  of  elevations  of  any  two  places 

above 
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above  the  furface  of  the  earth  is  =  height  of  the 
homogeneous  atmofphere  multiplied  by  the  log.  of 
the  ratio  of  the  heights  pf  the  mercyrjr  at  thofe 
ftations,  and  applied  to  the  modulus  of  the  fyftein. 

This  is  (rue  on  the  following  hypothcfes,  i^.  That  the 
force  of  gravity  is  the  fame  at  all  altitudes.  %^J*  That  thp 
fpecific  gravity  pf  the  mercery  is  con{lant.  3<ily,  That 
the  height  of  the  homogeneous  atmofphere.  is  inyaria)>Ie. 

8.  If  gravity  be  fuppofed  to  vary  in  the  inverfc 
duplicate  ratio  of  the  di fiances  from  the  cartU's 
centre,  and  /  be  the  logarithm  pf  the  ratio  of 
the  heights  pf  the  mercury  in  the  barometer  at 
two  different  flations,  h  the  height  of  the  homor 
geneous  atmofphere,  s  the  femidiameter  of  the 
earth,  apd  a  the  difference  of  the  elevations,  then 

will  a  =  —  X— — , 
m        s 

Since  ^,  the  greatefl  height  which  is  acceflible  by  man,  is 

not  four  miles,  and  therefore  is  evancfcent  with  re{pc£t  to 

s,  S'\'a  may  be  confidered  as  e^ual  to  /,  and  therefore  a  = 

*/ 


pt 


-,  as  before, 


9.  If  M,  m  reprefent  the  heights  of  the  mercury  in 

the  lower  and  higher  ftations,  then  <7= — ^^2^2, — 

>43429448 

y,L.—  z=z  6s55i  x  Z.— ,  in  feet,  =  10592XL. 

M 
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— y  in  fathoms,  the  air  being  in  its  mean  tempera* 
PI 

ture  of  55«. 

10.  If  ikfand  m  exprefs  the  heights  of  the  quick- 
filver  in  the  lower  and  higher  flations,  and  n  be 
the  difference  between  the  temperature  in  thofe  fta- 
tions,  in  degrees  of  Farehheit,  the  logarithm  of 
the  ratio  of  the  heights,  in  the  fame  tempera- 
ture, will  be  as  Log. ^-  n  Log.  ?-^,    according 

M  —  9601 

as  the  temperature  in  the  upper  ftation  is  lefs  or 
greater  than  that  in  the  lower  ftation. 

11.  If  Farenheit*s  thermometer  (land  at  55<*, 
the  length  of  the  atmofpherical  fubtangent  requires 
no  correction ;  but  there  is  an  error  in  excefs  or 

defefl:  of  . —  part  of  the  height,  for  every  degree 

of  Farenheit  above  or  below  550. 

12.  The  formula  in  Art.  9.  is  rendered  more 
convenient  for  ufe,  by  making  a  =  loooo  x  L. 

\f 

— ,  and  fuppofing  the  temperature  of  the  air  to 
fn 

be3i^ 

For  as  1059a  :  10591  —  toooo  : :  18  :  l  !  :  435  :  24, 

the  number  of  degrees  of  diflFercnce  in  temperature  cor- 

refponding  to  the  given  change  in  the  altitude  5  but  55®  — 

240  =  3 1  <'.     See  Button's  Math.  DiSt.  Art.  Barometer. 

13.  The  precepts  for  the  meafuring  of  altitudes 

by  the  barometer  areas  follows: 

X  ft.  Obfcrvc 
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I  K  Obfervc  the  heights  of  the  barometer  at  the 
bottom  of  the  height  to  be  meafured ;  together 
with  the  temperature  of  the  mercury^  by  a  ther- 
mometer attached  to  the  barometer ;  and  alfo  the 
temperature  of  the  air  in  the  (hade,  by  another 
thermometer,  which  is  detached  from  the  barome- 
ter. 

2^^r.  Let  the  fame  thing  be  done  at  the  fum* 
mit  of  the  faid  height. 

3^7.  Let  the  altitudes  of  the  mercury  be  cor- 
refted,  by  reducing  it  to  the  fame  temperature  ; 
viz.  by  augmenting  the  height  of  the  mercury  in 
the  colder  temperature,  or  diminifliing  that  in  the 
warmer  by  its  9600'^.  part,  for  every  degree  of  dif- 
ference between  the  two  -,  and  the  altitudes  of  mer- 
cury fo  corredted  are  what  are  denoted  by  Af  and 
w,  in  the  above  formula.  Art.  12. 

4*%,  Take  out  the  common  logarithms  of  the 
two  corredcd  heights  of  the  mercury,  and  fub- 
traft  the  lefs  from  the  greater,  then  cut  off  from 
the  right  hand  fide  of  the  refulting  logarithm,  fo 
many  places  for  the  decimals  as  the  number  of 
places  of  the  logarithms  exceeds  four:  fo  fliall 
thofe  on  the  left  be  fathoms  in  whole  numbers,  by 
Art.  9. 

5**^y.  Correft  the  number  laft  found,  for  the 
difference  of  the  temperature  of  the  air  thus  :  take 

half 
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half  the  fum  bf  the  two  temperatures  of  the  air, 
(hewn  by  the  detached  thermometers,  for  the  mean 
temperature ;  and  for  every  degree  which  this  dif- 
fers from  the  ftandard  temperature  of  3 1  °  take  fo 
many  times  the  435^**.  part  of  the  fathoms  above 
found  J  and  add  it,  if  the  mean  temperature  be 
more  than  31°,  but  fubtrad  it,  if  the  mean  tem- 
perature be  lefs ;  fo  (hall  the  fum  or  difference  be 
the  true  altitude  in  fathoms ;  or  being  multiplied 
by  fix,  it  will  give  the  altitude  in  Englifli  feet.  See 
Phil.  Trans,  for  the  year  1774,  and  Hutton's 
Math.  Did.  Art.  Barometer. 


li  LECTURE 
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LECTURE    IV. 


^•Il'  the  capacity  of  the  barrel  of  art  aif-puirip 
:  the  capacity  of  the  receiver,  as  ^  :  r  ;•  after  every 
ftroke  of  the  pump,  the  quantity  of  air  extra&ed 
i  the  quantity  before  the  ftroke,  as  b  :  ^+r. 

Hence  the  quantities  of  air  ^xtrafled  at  any  number  o( 
i^ucceffive  ftrokes  of  l3ie  pump^  form  a  geometrical  feries^ 

2.  The  quantity  of  air  remaining  after  every 
ftroke  of  the  pump  :  quantity' before  the  ftroke^  as 
r  :  ^+r. 

Hencd  the  quantities  wliich  remain^  fomd  a  decteaiing 
geometrical  feries ;  confequently  the  whole  primitive  quan^ 
tity  of  air  can  never  be  extraftcd. 

3.  After  every  ftroke  of  the  pump,  the  denfity 
of  the  air  is  diminifhed  in  the  ratio  of  i-f  r  to  r  j 

and 
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and  hence  after  s  number  of  ftrokes,  it  is  dinii- 
nifhed  in  the  ratio  of  T+?\' :  r*. 

4.  The  defefts  of  the  mercury  in  the  barometer 
gage  from  the  ilandard  altitude,  after  any  number 
of  fuccefEve  firokes,  form  a  geometrical  feries, 
whofe  terms  are  in  the  ratio  of  i+r  :  r. 

5.  The  altitudes  of  the  mercury  in  the  gage,  at 
the  fame  time,  form  a  geometrical  feries,  the  ratio 
of  whofe  terms  is  ^+r  :  i, 

6.  When  the  air  is  rarefied  n  times,  the  number 

of  ftrokes  «  si ' — • 


log.  ^+r— log.  r 

7.  After  every  defcent  of  the  piilon  in  the  con^ 
denfer,  one  barrel  of  air,  in  its  natural  ftate,  is  for* 
ced  into  the  receiver, 

8.  If  the  capacity  of  the  receiver  :  the  capacity 
of  the  barrel,  as  r  :  ^,  then  after  s  defcents  of  the 
pifton,  the  d^nfity  is  incr^afed  in  the  ratio  of  r 
:  r+h. 

9.  After  any  number  of  defcents,  the  denfity  is 
increafed  in  arithmetical  progreflion, 

10.  If  the  gage  be  an  horizontal  tube,  clofed  at 
one  end,  the  fpaces  which  the  air  occupies  after 
any  number  of  fucceflive  defcents  of  the  pifton, 
will  decreafe  in  mufical  progreflion. 

XI.  If  the  gage  bean  open  vertical  tube,  com- 

p)unicati|ig  with  the  external  air,  the  altitude  of 

I  i  9  the 
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the  mercury  in  the  gage  after  any  number  of  ftrokes 
of  the  pump,  will  increafe  in  arithmetical  progref- 
fion. 

12.  The  fpecific  gravity  of  air  may  be  accurate- 
ly afcertained  by  means  of  the  air-pump. 

To  the  neck  of  a  glafs  bottle,  made  in  the  form  of  a  Flor 
rence  flafk,  a4apt  a  cap  and  valve  opening  outwards,  fcrew 
i^  on  the  pump,  and  exhauft  it  to  a  known  degree;  then 
from  the  weight  of  the  bottle  before  and  after  e^^auftion, 
ypu  have  th^  weight  of  the  exhaufted  air ;  and  from  the 
ratio  of  the  height  of  the  quickfilver  in  the  gage  to  the  ftan- 
dard  altitude,  you  know  the  proportion  which  the  exhaufted 
part  bears  to  the  whole  air  originally  in  the  veffel,  whofc 
weight  is  therefore  known.  Subtradi  this  weight  from  the 
weight  of  the  veffd  when  full  of  air,  there  remains  the  weight 
of  the  veffel  itfelf ;  fill  it  with  water  and  weigh  it,  and 
from  this  weight  fubduft  the  weight  of  the  veffel ;  the  re- 
mainder is  the  weight  of  a  bulk  of  water  of  the  fame 
magnitude  with  the  air  which  fills  the  ye0el,  ^nd  whofe 
weight  was  alfo  previoufly  afcertained. 

B7  a  meai^  of  feveral  experiments  it  appears,  that  the 
fpecific  gravity  of  air  is  to  that  of  water,  as  1.232  to  looo;, 
when  the  barometer  ftands  at  thirty  inches,  and  in  the  mean 
temperature  of  550  of  Farenhcit's  thermometer. 
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HYDRAULICS. 


J.ECTURE    L 


I.  Hydraulics  is  that  part  of  Natural  Philo. 
fophy  which  treats  of  the  motion  of  coherent 
fluids. 

2.  There  are  four  caufes  of  the  motion  of  fuch 
fluids,  the  gravity  or  preflure  of  the  fluid,  the 
weight  of  the  air,  the  elafliic  force  of  the  air,  and 
the  elaftic  force  of  fteam. 

.  3.  The  velocity  of  water  in  any  pipe,  kept  con* 
flantly  full,  is  inverfely  as  the  different  feftions  of 
|the  pipe,  perpendicular  to  the  axis. 

4.  If 
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4.  If  water  be  poured  into  a  cylihdrical  tube, 
which  is  turned  up  at  the  ends,  the  water  will  al- 
ways rife  to  the  fame  level  in  the  upright  parts. 

This  is  called  the  water  level* 

5.  The  difference  between  the  true  and  appa^ 
parent  level  of  any  two  places  is  equal  to  the  fquare 
of  the  horizontal  diftance  between  the  places  di- 
vided by  the  diameter  of  the  earth. 

The  true  level  is  about  an  inch  below  the  apparent  in 
1930  feet  5  the  general  allowance  in  water  -  courfes  is  4J- 
inches  in  a  mile ;  in  narrow  tubes  however  5  feet  fall  will 
be  requifite  in  a  mile, 

"  6.  If  water  flowing  through  a  fmall  orifice  in 
the  bottom  of  a  veflel  be  kept  conftantly  at  th^ 
fame  height  in  the  veflel,  by  being  fupplied  as  fall 
above  as  it  runs  out  below,  the  velocity  of  the  ef- 
fluent water  will  hp  equal  to  that  which  a  heavy 
body  would  acquire  in  falling  down  the  height  of 
the  fluid  above  the  orifice. 

Let  b  he  the  height  of  the  water  in  the  veflel,  a  the  area 
of  the  indefinitely  little  orifice,  t  the  thicknefs  of  the  loweft 
plate  of  water ;  the  force  which  impels  the  lowe^  plate, 
is  the  weight  of  a  column  of  water  equal  to  ba ;  and  fince 
the  area  of  the  lowed  plate  of  water  is  indefinitely  lefs  thaif 
the  bafe  of  the  veflel,  and  the  water  is  fuppofed  tp  cpati^r 
nue  at  the  fame  height,  the  quantity  of  matter  moved^ 
daring  the  difcharge  of  the  plate^  is  at  i  therefoie  the  acce^ 

lerating 
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leradng  force  =  — = — )  and  the  fpace>  through  which  the 

matter  moved  is  accelerated,  is  /,  therefore  the  velocity  = 
\/4gSF^  =f  \/4  gb,  equal  to  the  velocity  which  a  heavy 
body  would  acquire  in  falling  through  the  height  b. 

J.  The  velocity  of  the  effluent  water  is  propor- 
tional to  the  fquare  root  of  the  altitude  of  the  wa* 
ter  above  the  orifiqe. 

8.  The  force  with  which  the  effluent  water  im- 
pinges againft  any  quiefcent  body,  is  proportion^ 
to  the  altitude  of  the  fluid  above  the  orifice. 

For  the  force  is  as  velocity  x  quqintity  of  matter ;  but 
the  quantity  difchafged  in  a  given  time  is  as  the  velocity ; 
therefore  the  force  is  as  the  fquare  of  the  velocity,  that  is, 
SLS  the  height  of  the  fluid. 

'p.  When  a  veflel  is  left  gradually  tb'difchargc 
itfelf  by  an  orifice  in  the  bottom,  the  velocity  of 
the  efflux  will  be  uniformly  retarded,  according  to 
the  law  of  a  heavy  body  projefted- perpendicularly 
Upwards. 

10.  The  quantities  of  water  in  a  prifmatical  or 
cylindrical  veflel  difcharging  itfelf  through  an  aper- 
ture in  the  bottom^  decreafe  in  equal  times,  as  the 
feries  of  odd  numbers  i,  3,  5,  7,  &c.  taken  in  an 
inverted  order. 

11.  The  quantity  of  water  contained  in  a  cylin- 
dric  veflel  is  half  that  which  would  be  difcharged 

in 
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in  the  time  of  the  entire  gradual  evacuation  of  the 
veffel,  if  the  water  be  kept  always  at  the  fame  alti- 
tude. 

12.  The  time  in  which  a  veffel  would  evacuate 
itfelf  through  an  aperture  in  the  bottom,  is  equai 
to  the  time  in  which  a  body  would  fall  through  the 

height  of  the  fluid  x      .^     » 
°  orifice 

This  theory  is  true  only  on  the  hypothefis,  that  the  water 

flows  out,  without  refiftance,  in  a  cylindrical  or  prifinatic 

form,  correfponding  to  the  aperture  through  which  it  taws ; 

but  in  fad,  all  the  particles  preiling  towards  the  orifice, 

■  they  iffue  through  it  in  a  converging  dirediion,  that  is,  in 

a  conical  not  cylindrical  form,  by  which  means  the  quantity 

difcharged  is  diminifhed ;  and  this  diminution  is  found  to 

be  nearly  4n  the  fubduplicate  ratio  of  2  to  i. 

13.  The  times  in  which  two  cylindric  orprifma- 
tic  veffels  will  feverally  empty  themfelves,  are  to 
each  other  in  a  ratio  compounded  of  the  direft 
limple  ratio  of  their  bafes,  and  fubduplicate  of  the 
altitudes,  and  the  inverfe  ratio  of  the  apertures. 

14.  If  on  the  altitude  of  the  fluid  as  a  diameter 
we  defcribe  a  femicircle,  the  horizontal  fpacc  de- 
fcribed  by  the  fluid  fpouting  from  any  point  in  the 
diameter,  will  be  as  the  ordinate  drawn  from  that 
point. 

15.  If  the  water  fpout  horizontally  through  z 

pipe, 
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pipe,  the  diftance  to  which  it  Ipouts  is  lefs  than  if 
it  iflued  through  an  adjutage  inferted  in  the  hole. 
Becaufe  the  fridion  in  the  latter  cafe  is  lefs. 

1 6.  On  the  contrary  if  the  pipe  be  inferted  per- 
pendicularly into  the  bottom  of  a  veflel,  the  water 
will  difcharge  itfelf  fooner  through  the  pipe,  than 
through  a  fimple  orifice,  and  ftill  quicker  as  the 
pipe  is  longer. 

This  is  caufed  by  the  prcffure  of  the  atmofphcre,  for  in 
iracuo  the  time  of  the  efijux  is  not  varied  by  the  infertiou 
of  the  pipe. 

17.  The  quantity  of  water  difcharged  through  a 
a  perpendicular  pipe  in  form  of  a  truncated  cone, 
the  narrower  part  being  fixed  in  the  orifice,  is 
greater  than  through  a  cylindrical  pipe  of  the  fame 
length,  its  diameter  being  equal  to  that  of  the  ori- 
fice. 

Becaufe  the  infertion  of  the  pipe  increafes  the  velocity 
of  the  difcharge,  and  therefore  alfo  the  refiftance  of  the 
air :  therefore  the  diameter  of  the  vein  has  a  tendency  to 
enlarge  itfelf,  which  the  widening  cone  admits.  But  the 
cylindrical  pipe,  not  admitting  of  this  augmentation  of  dia« 
meter,  obftru£ts  the  efRux. 

18.  If  the  water  ifluing  from  the  orifice  in  a 
veflibl  be  direfted  upwards,  it  will  be  projefted 
nearly  to  the  height  of  the  water  above  the  orifice, 

K  k  LECTURE 
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LECTURE    II. 


I.  Ir  HE  velocity  with  which  water  fpouts  into  a 
vacuum,  from  an  orifice  in  a  veflef,  by  the  prcffurc 
of  the  atmorphere  alone,  is  equal  to  the  velocity, 
which  a  heavy  body  would  acquire  in  falling  down 
the  he'ght  of  thirty  four  feet.     . 

For  the  moving  force  in  this  cafe  is  the  prcffurc  of  the 
atmofphcre,  which  is  equivalent  to  a  column  of  water  of 
thirty  four  feet,  and  therefore  the  velocity  will  be  the  fame 
as  if  an  aperture  were  made  in  the  bottom  of  a  veffel 
thirty  four  feet  high,  and  filled  with  water  •,  that  1$,  will 
be  equal  to  the  velocity  which  a  heavy  body  would  acquire 
in  falling  through  thirty  four  feet. 

Though  the  preffure  of  the  atniofphere  be  equal  to  about 
14*1:  pounds  upon  every  fquare  inch,  yet  on  account  qf  the 
fri^iion  pi  machines  and  other  impediments,  the  efficient 

preffure 
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prcffure,  forcing  the  water  into  a  vacuum,  is  not  above  f(f- 
ven  or  eight  pounds  on  every  fquare  inch. 

2  If  the  legs  of  a  bent  tube  filled  with  water 
be  immerfed  in  two  veflels  of  water  of  unequal  al- 
titudes, the  preflure  of  the  air  will  drive  the  water 
from  the  higher  to  the  lower  veffel,  till  it  ftands  in 
both  at  the  fame  level. 

This  is  the  common  (iphon.  The  force  generating  the 
flux  is  the  difference  of  the  weights  of  equal  columns  of 
air  and  water,  whofe  bafe  is  the  feftion  of  the  pipe,  and  al- 
titude the  difference  of  the  heights  of  the  water  in  the 
veflels. 

3.  Intermitting  fprings,  or  fuch  as  flow  and  flop 
alternately,  are  natural  fiphons. 

4.  Reciprocating  fprings,  whofe  waters  flow 
and  ebb  by  alternate  reciprocations,  are  accounted 
for  by  their  connexion  with  intermitting  fprings. 

5.  The  velocity  of  fpouting  water  generated  by 
the  adlion  of  condenfed  air,  is  in  the  fubdoplicate 
ratio  of  the  condenfation,  or  of  the  elaftic  force  of 
the  air. 

6.  Steam  being  an  elaftic  fluid,  whofe  elafticity 
is  proportional  to  its  denfity  when  the  heat  is  the 
fame,  or  proportional  to  the  heat  when  the  den- 
fit)r  is  the  fame,  may  be  applied  in  the  fame  man- 
ner as  air  to  the  moving  of  water. 

The  fleam  raifed  with  the  ordinary  heat  of  boiling  wa- 
K  k  2  ter. 
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ter,  18  almoft  3000  times  rarer  dian  water,  or  about  ^i 
times  rarer  than  air,  and  its  elafticity  is  nearly  equal  to 
that  of  common  atmofpheric  air  -,  and  it  has  been  found, 
that,  by  great  heat,  fteam  may  be  rendered  about  five 
times  ftronger. 


LECTURE 
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LECTURE    III. 


I.  If  a  ftream  of  watdr  impinge  on  the  floats  of 
an  underfhot  wheel,  and  efcape  from  it,  the  very 
inftant  after  it  has  made  its  impaft,  the  quantity 
of  water  which  actually  impinges  againft  the  wheel, 
"Will  be  to  the  whole  quantity  which  pafles  by  it, 
in  a  given  time,  as  the  difference  between  the  ve- 
locities of  the  water  and  the  wheel  to  the  abfolute 
velocity  of  the  water. 

Fig.  37.  Let  Sir  be  the  ftream  ot  water,  and  the  float 
F  firft  receive  the  impa£t  from  the  water  at  F,  and  leave 
it  at  X ;  atfo  let  WF  be  to  FL,  as  the  abfolute  velocity 
of  the  water  to  the  velocity  of  the  float.  When  F  ar- 
rives at  L,  Wr  wiU  be  at  F,  and  taking  WV  =  FL,  all 
the  water  in  the  fpace  JW  will  pafs  by  the  wheel,  without 
impinging  againft  it  \  for  it  cannot  impinge  on  the  float  i% 
becaufe  that  float .  emerges  from  the  water  at  L  \  neither 

can 
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c^  it  impinge  on  the  fubfequent  float,  becaufe  it  has  al- 
ready pafled  it.  Therefore  the  whole  quantity  of  water 
which  paflQs  by  the  wheel  in  a  given  time^  is  to  that  which 
a£lually  impinges  againft  it,  as  WF  to  VF. 

Hence  we  may  correA  the  miftake  of  Mr.  Waring,  in 
his  New  Doflrine  of  Mills,  who  lays  it  down  as  a  funda* 
mental  principle,  that  while  the  ftream  is  inyariable,  what* 
ever  be  the  velocity  of  the  wheel,  the  fame  number  of 
particles  or  quantity  of  the  fluid  muft  ftrike  it  fome  where 
or  other  in  a  given  time.  See  the  3d.  vol.  of  the  Tranf.  of 
the  American  Society,  page  144.  or  Hutton's  Math.  Di£t. 
article  Mill. 

2.  The  force  of  the  impinging  water  is  as  the 
fquare  of  the  difference  between  the  velocities  of 
the  wheel  and  water. 

3.  If  w  be  a  weight  fattened  to  a  line  which 
is  wound  round  the  horizontal*  axis  of  an  under- 
fhot  water  wheel,  A  the  weight  of  a  column  of 
water  equal  to  the  force  of  the  impaft  of  the  water 
on  the  wheel,  when  the  wheel  is  quiefcent,  v  the 
velocity  with  which  the  water  impinges  on  the  float 
boards,  y  the  velocity  of  the  circumference  of  the 
wheel,  a  the  radius  of  the  wheel,  and  b  the  ra- 
dius of  the  axle,  then  will  the  velocity  of   the 

wheel  y  =  v  —  ^^  X  y/  --7-  •  ' 

The  difierence  of  the  velocities  of  the  water  and  the 
wheel  =  V  —  j^  =  the  abfolute  velocity  with  which  the 

water 
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water  ftrikes  the  wheel ;  and  fince  the  force  of  the  ftroke 
is  as  the  fquare  of  the  velocity,  we  have  v*  :  ^ — yl^  : :  A 
:/=r  the  force  of  the  water  to  turn  the  wheel,  when  its 

rr 

velocity  is  y ;  and  y=z  v  —  v  x  \/  —r--     Now  the  accele- 

A 

ration  of  the  wheel  will  ceafe,  when  the  force  of  the  water, 

to  turn  the  wheel,  is  equal  to  the  force  of  the  weight 

which  oppofes  it,    that  is,  when  fXazuwxhoxf 

=  ;  therefore,  for  /  fubftituting  its  value,  the  acce- 
leration of  the  wheel  will  ceafe  when  j?  zr  v  -—  v  x  \/  — • 

Aa 

See  Atwood's  Reft.  Motion,  page  275.  We  are  to  ob- 
ferve  however,  that  this  conclufion  is  true  only  on  the  hy- 
pothelis,  that  the  water  efcapes  from  the  wheel,  as  faft  as 
it  impinges, 

4.  If  the  weight  w  vary,  its  moment  will  be  the 
greateft  poflible,  when  the  wheel  has  acquired  its 

uniform  velocity,  if  the  weight  be  =  — 7— 

Let  the  weight  fought  be  x,  and  fince  the  uniform  velo- 


city  of  the  wheel  =  v  —  v  ^  — ,    the  uniform  velocity 

of  a:  = ^  ^.  a/  —A—ir  >  and  the  moment  of  x  = 

a  ^    Aai  a 

—  V  y/  - 9  ^^  fluxion  of  which  being  made  =  o,  we 

Aa^ 

have  X  —  1.x  t/  —  —  o,  and  x  =z  ^  ,    , 

5.  When 
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5.  When  the  moment  of  the  afccnding  weight 
attached  to  the  axle  is  a  maximum,  that  weight 

4 
will  be  —  of  the  weight,  which  would,  if  fufpend- 

ed  from  the  axle,  balance  the  force  of  the  ftrearti. 

For  if  ^be  fuch  a  weight,  fufpended  from  the  axle,  as 
would  balance  the  ftream  afting  at  the  circumference,  then 
aA 

^  =  — ;  but  the  moment  of  w  is  a  maximum  whep  x  = 
h 

9^    -  9  •<'• 

6.  The  velocity  of  the  circumference  of   the 

wheel  will  be  —  of  the  abfolute  velocity  of  the 

ftream,  when  the  moment  generated  in  the  weight, 
afcending  uniformly,  is  the  greateft  poffible. 

For  the  uniform  velocity  of  the  wheel  =r  i»  —  v  ^  .--; 

but  when  the  moment  of  «;  is  a  maximum,  v>  =r  —,—  > 

tjiercfore  the  velocity  of  the  wheel,  when  the  moment  of 

tfic  weight  is  the  gireateft  poffible,  is  =  v  —  v^-d.    = 

9 

J.  V. 

7.  If  w  be  a  weight  to  be  raifed  by  the  aftlon  of 
a  ftream  of  water,  whofe  force  againft  the  wheel  is  Jy 

owb 

the  radius  of  th?  wheel  will  be  =  "^—Ti   when  the 

uniforn^ 
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unifprm  velocity  of  the  afccnding  weight,  attach- 
ed to  the  axle,  is  a  maximum^ 

For  let  the  fought  radiu3  of  the  wheel  be  x,  that  of  the 
axle  being  b  \  thea  will  the  uniform  velocity  of  the  afcend* 

ing  weight  =  —  —v  /^—  i  of  which  if  the  fluxion 
be  made  =  o,  wc  (hall  have  pt  =  . 

j\A 

8.  The  greateft  moment   generated  in  the  a- 
fcending  weight  will  be  exprefled  by  the  quantity 

For  fince  the  uniform  velocity  of  the  afcending  weight  is 
_ i  and  the  weight  moved  w  ziz-^  ,-3  "^e moment gcne- 

rated  in  the  afcending  weight  will  be  -— • 

9.  If  the  velocity  of  the  ftream  be  given,  the 
efreft  will  be  as  the  quantity  of  water  expended. 

For  the  effeft  is  as  ^\  Av,  that  is,  fince  ^7  is  conftant, 
in  a  ratio  compounded  of  the  force  of  impaft  and  of  the 
velocity  of  the  ftream ;  but  the  force  of  the  impaft  is  as 
the  quantity  of  water  expended  X  velocity,  therefore  die 
effeft  is  as  the  quantity  of  water  expended  X  the  fquare 
of  the  velocity  -,  and  therefdfe,  if  the  velocity  be  given,  the 
cflFea  will  be  as  the  quantity  of  water  expended. 

10.  The  expence  of  water  being  the  fame,  tlie 
cflFeft  will  be  as  the  fquare  of  the  velocity. 

L  1  iJ.  The 


Digitized  by  VjOOQ IC 


258  HYDRAULICS*  L.  J. 

1 1 .  The  cxpcncc  of  water  being  the  fame,  the 
cffedt  will  be  as  the  height  of  the  head  of  water. 

For  the  velocity  is  ^  the  fqutfe  toot  of  that  height,  and 
therefore  that  height  is  as  the  fquare  of  the  velocity. 

12.  The  aperture  being  the  fame,  the  efFeft  will 
be  as  the  cube  of  the  velocity  of  the  water. 

For  the  ctkGt  is  as  the  expence  of  water  x  velocity  *  ; 
but  the  expence  of  water^  if  the  aperture  be  given,  is  as 
the  velocity. 

13.  If  all  the  water  which  paffes  by  an  under* 
(hot  wheel  be  fuppofed  to  impinge  againft  it,  the 
force  of  the  ftream  will  be  in  the  fimple  direft  pro* 
portion  of  the  relative  velocity. 

Becaufe  the  number  of  particles  which  ftrike  the  wheel 
in  a  given  time  is  given,  whatever  be  the  velocity  of  the 
wheel. 

14.  On  the  fame  hypotheCs,  y,  the  velocity  of 

the  wheel,  will  be  equal  to  v— v  x   — ^ 

See  Art.  3. 

15.  On  the  fame  hypothefis,  if  the  weight  w 
vary,  its  moment,  when  a  maximum,  will  be  = 

xb 
Let  the  weight  be  *,  Cnce  the  uniform  velocity  of  the 

wheel  is  V  —  — ,  the  uniform  velocity  of  the  afcending 

weight 
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wcightwillbc  — -- -T-J-,  and  its  moment  =  - — —^  ; 

whpfc  flwion  being  made  equal  to  o,  we  have  *— -^  ^ 

.  Aa 

o,  and  X  z=  — j- 

1 6.  On  the  fame  hypothcfis,  the  velocity  of 
the  wheel  will  be  equal  to  half  the  velocity  of  the 
flream,  when  the  effedt  is  a  maximum. 

For  the  velocity  of  the  wheel  =  v  —  ^  5  but  when  the 

cflfea  is  a  maximum,  w  =  — f  $  therefore  the  velocity  of 

2^ 

the  wheel  =:v-?-it;=iv. 

17.  Oa  the  fame   hypothefis,  the  greateft  mq^ 
ment  generated  in  the  afcending  weight  will  be  ^ 
\  Av. 

For  the  uniform  velocity  of  the  afcending  weight  =c 

hv  Aa 

— ;  and  the  weight  mov^d  «;=—-,  therefore  the  moment 

%a  ■  20 

i8.  In  praftice,  the  velocity  of  the  wheel,  when 
the  machine  js  in  its  ftate  of  greateft  perfection, 
will  be  between  one  third  and  one  half  of  the  velo-* 
city  of  the  ftream, 

Becaufe  the  water  docs  not  all  efcapc  the  inftant  after  it 
has  made  its  impad,  but  is  confined  by  the  channel  for 
ibme  time;    fo  that  the  fucceeding  water  which  would 

L  I  2  otherwife 
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otherwife  pafs  by  the  wheel  inefficaciouily,  drives  the  con-^ 
fined  water  againft  the  floats ;  and  therefore  a£ls  in  the 
fame  manner,  as  if  it  adually  impinged  againft  the  wheeL 
It  has  been  found  by  experience,  that  when  the  moft  work 
is  done  in  a  given  time,  the  velocity  of  the  wheel  lies 
ipuch  nearer  to  one  half  of  the  velocity  of  the  ftream  than 
to  one  third.     See  Smeaton's  Enquiry,  page  77. 

19.  In  an  overlhot  wheel,  the  machine  will  be 
in  its  greateft  perfeftion,  when  the  diameter  of  the 
wheel  is  two  thirds  of  the  height  of  the  water 
above  the  lowcft  point  of  the  wheel. 

Fig.  38.  If  the  wheel  SRFP  revolve  with  a  velocity 
which  a  body  would  acquire  in  falling  through  the  altitude 
X  —  NS,  the  height  of  the  water  above  the  wheel,  the 
water  will  fall  into  the  buckets  without  any  impulfe,  and 
produce  its  effe£l  by  its  weight  only.     Let  A  =r  NV^  the 
height  of  the  water  above  the  loweft  point  of  the  wheel  \ 
the  force  of  every  portion  of  water  -B,  in  the  buckets,  to 
turn  the  wheel,  will  be  equal  to  its  weight  multiplied  into 
its  perpendicular  diftance  from  the  axis  of  motion  =  -E  X 
EF ;  and  the  fum  of  all  the  forces,  in  alj  the  buckets,  in 
the  femicircle  SRF,  will  be  equal  to  the  fum  of  all  the 
Ex£F  =  the  femicircle  SRF  x  GL,  G  being  the  centre 
of  gravity  of  the  femicircle,  =  the  quantity  of  water  SRF 

QT 

X  -j-r^ ,  afting  at  the  extremity  of  the  radius  LR.    But  GL 
JLR 

Z,R* 
=    i     ;  therefpre  the  force  of  all  the  water  to  turn  the 

wheel, 
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-L'R 
'^'heel,  is  =:  the  quantity  of  water  SRF  x  ^nnj  afting  at 

OIK. 

J?,  =  the  qwintity  of  water  SF  afting  at  jR.    Let  LR  = 
r  I  then  the  whole  force  of  the  water  =  r  x  S^  =  r  x 


ui  --^  PC*  Now  the  velocity  of  the  wheel  is  =:  2v^5   there- 
fore theforceof  the  water  to  produce  the  circular  motion  of  the 

vrhecl  is  =  r  X  A  —  x  x  ^  ^^g^-  If  this  be  made  a  max- 
imum, we  fliall  have  x  z=iA.  Hence  the  height  of  the 
liead  of  water  above  the  wheel  fhould  be  equal  to  one 
third  of  the  whole  height ;  and  the  diameter  of  the  wheel 
equal  to  two  thirds  of  the  altitude,  in  order  that  the  ma- 
chine may  produce  the  greateft  efieft. 

20,  The  velocity  of  an  overfhot  wheel,  when 
the  water  produces  its  efFed  by  its  weight  only, 
and  the  machine  is  in  its  ftate  of  greateft  perfec- 
tion, is  to  the  velocity  of  an  underftiot  wheel  as 
.y/3^to  I,  on  hypothefis  that  all  the  water  efcapes 
from  the  underQiot  wheel,  the  moment  after  if 
makes  its  impaft. 

For  A  being  the  height  of  the  water,  the  velocity  of  the 
overfhot  wheel  will  be  =  ^  IgAy  and  the  velocity 
of  d\e  undcrlhot  li:  i  \/4T^  =  \/Ti^ »  therefore  the 
the  former  is  to  the  latter,  as  /  |  :  v^  ^ : :  V^  3  :  i. 

21.  The  efficacy  of  an  overfhot  wheel  is  to  that 
of  an  underftiot  wheel,  the  height  of  the  water, 
aperture,  and  diameter  being  given,  as  26  to  10 
nearly. 


/' 
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If  ^  be  the  height  of  the  column  of  water,  whole  weight 
is  equal  to  the  force  of  ixnpad  on  the  underihot  wheel, 
when  quiefcent,  finc^  the  velocity  of  the  wheel  is  equal  to 
i  of  the  velocity  of  theftream  we  ihall  have  this  propoition, 
as  3^ :  3— lU  :  :  A  i  the  weight  which  is  equivalent  to  the 
force  of  the  ftream^  when  the  machine  is  in  its  greateft  per* 
ftSdon  'f  therefore  if  F'  be  th^  velocity  acquired  in  falling 
down  the  altitude  4»  ^^  mpment  of  the  w}ieel  will  be 
=;  ♦.  ^  X  JL  r  =  Jty.  4^y  when  in  i^  greateft  perfedion. 
In  the  oteriho^  wheel,  the  weight  of  the  water  a&ing  at  the 
jcfrcumference,  is  equivalent  to  i.  ^  }  and  the  velocity  when 


the  machine  is  in  its  greateft  perfection  is  =:  »/tgA  zn 
V^i-X  r ;  therefore  the  moment  of  the  overlhot  wheel  = 
4-  -^  X  v^  i-  ^5  and  confipquently  is  to  that  of  the  undcr- 
fliot  wheel,  as  i.  X  i/  1 :  Jt-  : :  2,  598  :  i. 

Mr.  Fergufon  obfervcs,  that  when  there  is  but  a  fmall 
quantity  of  water,  and  a  fall  great  enough  for  the  wheel  to 
lie  under  it,  the  overfliot  wheel  is  the  beft :  but  when  there 
is  a  large  body  of  water,  and  but  little  fall,  the  underihot 
wheel  is  to  be  preferred. 

12.  There  is  no  limit  in  theory  to  the  weight 
which  a  given  ftream  of  water  can  raife  by  means  of 
a  water  wheel. 

Becaufe  cither  the  radius  of  the  wheel  may  be  increafcd, 
or  that  of  the  axle  diminiflied  without  limit, 

23.  If  there  were  no  friftion  or  other  impedi- 
ment, machines  moved  by  the  impact  of  water 

would 
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would  not  acquire  their  uniform  velocity  in  any 
finite  time  whatever. 

Fig.  31,  For  the  abfolute  force  of  the  watet  on  the  wheel 

—  Ax  ^^^=:jt+Jx'^^^^^i  from  which  is  to 

be  fubdu£led  the  conftant  retarding  force  of  the  weight 
fafpended  from  the  axle,  which  let  us  fupj^ofe  =  d ;  then 
the  abfolute  accelerating  force,  upon  the  whole,  is  ^  —  d 

JL  A  X  ^ ^.     Let  the  conftant  part  of  the  force 

A  —  J  be  reprefented  by  the  given  line  AC  \  and  let  the 

variable  part  A  X — ^  be  equal  to  AK-^  confequently 

the  abfolute  accelerating  force,  upon  the  whole,  is  equal  to 
JTC;  alfo  Ict-rfP  =  V— .jr,  be  the  relative  velocity  of  the 
wheel ;  then  KL^  the  moment  of  AK,  will  be  direftly  as 
2}  X  J — v,that  is,  as  a  P^  x  AP,  that  is,  as  KC  x  AP, 
becaufe  P^,  the  moment  of  the  relative  velocity,  is  diredly 
as  KC,  the  abfolute  accelerating  force ;  therefore  KN  X 
KL  is  as  KLxKCX  AP,  that  is,  as  AP,  becaufe  KL  x  KC 
is  conftant.  Therefore  the  indefinitely  little  hyperbolic  area 
KNOLis  as  A  Pi  and  the  hyperbolic  area  ABOL  is  compofed 
of  the  particles  KNOL  always  proportional  to  the  fpacc 
defcribed  with  that  velocity,  the  particle  of  time,  in  which 
KL  is  generated,  being  given.  Confequently,  when  KC 
the  abfolute  accelerating  force  vanifhes,  that  is,  when  the 
motion  becomes  uniform,  the  fpace  defcribed,  ABSHCA, 
and  therefore  the  time,  will  be  infinite. 


LECTURE 
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LECTURE    IV. 


1. Water  is  ralfed  in  pumps  by  the  prcflbre 

of  the  air  upon  the  external  water. 

The  common  fucking  pump  is  formed  with  two  fuckers, 
each  having  a  valve  which  opens  upwards ;  the  lower  fucker 
is  fixed,  the  upper  moveable  ;  and  the  water  is  difcfaarged 
through  an  orifice  above  the  moveable  plug  or  pifton. 

The  forcing  pump  has  two  fuckers,  the  upper  of  which 
is  moveable,  and  is  a  folid  plug  without  a  valve ;  the  lower 
is  fixed,  with  a  valve  opening  upwards ;  and  the  water  is 
difcharged  through  an  orifice  juft  above  the  lower  {ucker. 

2.  Water  cannot  be  raifed  by  a  fingle  fucking 
pump  to  a  greater  height  than  thirty-two  feet  5 
but  if  a  ciftern  be  placed  there  to  receive  the  water, 
and  another  pump  work  in  it,  the  water  may  be 
raifed  to  the  height  of  thirty-two  feet  more,  di- 
miniflied  by  the  height  of  the  column  of  water 

which 
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which  balances  a  column  of  air  of  thirty-two  feet ; 
and  fo  on. 

3.  The  effedt  of  the  forcing  pump  is  not  limited 
to  the  raifing  of  water  to  any  particular  altitude. 

Becaufe  the  air's  condenfatioa  may  be  increafed  to  any 
degree. 

4.  If  J-  be  the  greateft  and  /  the  leaft  altitude  of 
the  pifton,  of  a  fucking  pump,  above  the  furface  of 
the  water  in  the  refervoir,  and  h  the  height  of  a  co^ 
jiumn  of  water  equivalent  to  the  weight  of  the  at* 
njofphere ;  the  afcent  of  the  water  by  one  ftrokc 

The  length  of  the  ftroke  is  the  difference  between  the 
greateft  and  leaft  altitude  of  the  pifton. 

If  y  be  the  afcent  of  the  water  by  the  firft  ftroke,  fulv 
ftitute  / — J  inftead  of  /,  and  you  will  have  the  afcent  by 
the  fecond  ftroke ;  and  fo  on, 

5.  No  pump  can  raife  water,  unlefs  the  length  of 
the  ftroke  be  greater  than  the  fquare  of  the  greateft 
height  of  the  pifton  in  feet,  divided  by  128. 

Let  X  be  the  higheft  afcent  of  the  wat«r,  then  ^-^x  :  /•— ;tf 
: :  A  :  h — x  \  whence  ap^ — gi;  =  l-^g  X  A,  and  ;c  =  i  ^  4- 

/e* '^^^^ 

/* — y  I  —  gy^hy  which  is  an  impoflibl^  quantity  when 

\/^ 

0% 

l—g  is  greater  than  -?    ;  that  is,  x  cajinot  be  Icfs  than  /, 

^e  leaft  altitude  of  the  pifton, 

Mm  6.  If 
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6.  If  the  length  of  the  ftroke  in  a  uniform  pump, 
which  is  requifite  to  render  the  machine  effectual, 
be  greater  than  can  be  conveniently  made,  it  may- 
be dimini(hed,  by  contracting  the  diameter  of  the 
fucking  pipe  in  the  fubduplicate  ratio  of  the  dimi- 
nution of  the  length  of  the  ftroke. 

7.  The  velocity  of  the  water  flowing  from  the 
fucking  pipe  into  the  barrel,  (hould  be  equal  to 
the  velocity  with  which  the  pifton  moves. 

Otherwife^  if  it  be  greater,  lefs  work  will  be  done  than 
the  pump  is  competent  to  cffeft ;  or  if  it  be  lefs,  a  va- 
cuum will  be  produced  below  the  pifton,  which  will  there- 
fore be  moved  upwards  with  great  diQiculty. 
.  If  Fbe  the  velocity  of  the  water  in  the  fucking  pipe,  d  the 
diameter  of  the  fucking  pipe,  D  ^e  dian^etcr  pf  the  barrre], 

and  V  the  velocity  of  the  pifton  V  \  then  F  x  fc^  will  be 

the  velocity  of  the  water  in  the  barrel,  and  F  X-fr  =  v, 

when  the  ipachine  is  perfcd. 

If  i  be  the  weight  of  a  column  of  water  whofe  weight 
is  equivalent  to  the  preffure  of  the  atmofphcre,  b  the  height 
of  the  water  in  the  fucking  pipe,  x  any  other  height  to 
which  it  afcends  in  following  the  pifton,  g  zn  16  J_  fcetj 
then  will  the  moving  force  :;=  b^^x,  the  quantity  of  mat- 

ter  moved  z=  x,  therefore  the  accelerating  force  = -^ 


hx 

therefore  w  =  2^X  —  —  x*^  and  v,  the  velocity  of  the 

water. 
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water,  equal  to  v   4^  X  *•  Hyp.  Log.  x — x  9   but  when 
xzsh^  V  =:  o,  therefore  the  fluent  correftcd  will  be  = 


\/  4ff  X  *•  Hyp.  L.  -  -  —  X  —  i.  Ex.  gr.  fuppofe  A=:  3^> 

^  =  16,  »  =  18,  or  the  length  of  the  ftroke  of  the  pifton 
equal  to  two  feet;  then  v=  io{  feet.  Belidor  and  Defa«« 
guliers  calculate  the  velocity  in  a  very  different  manner ; 
and  their  conclufion  is  as  different. 

8.  If  an  horizontal  tube  havingtwo  valves  open- 
ing horizontally  outwards  in  contrary  direcftions, 
perpendicularly  to  the  axis  of  the  tube,  commu- 
nicate with  another  tube  which  is  vertical,  and 
has  a  valve  at  the  bottom,  opening  upwards  ;  and 
the  whole  machine  being  filled  with  water  and  placed 
in  a  ciftern,  it  be  turned  fwiftly  round  on  a  pivot 
at  the  bottom  ;  the  water  will  continue  to  be  dif- 
charged  in  an  uninterrupted  ftream. 

This  is  the  centrifugal  pump.  It  is  evident  that  the  ve- 
locity of  the  ftream  can  never  exceed  the  velocity  which  a 
lieavy  body  would  acquire  in  falling  down  the  difference 
between  thirty-one  feet,  and  the  height  of  the  vertical  tube; 
nor  can  this  pump  raife  water  higher  than  the  common 
fucking  pump. 

9.  The  difcharge  of  water  in  forcing  pumps  is 
rendered  continual  by  the  elaftic  force  of  conden- 
fed  air. 

Since  the  fame  quantity  of  water  is  difcharged  in  the 
M  m  a  fame 
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fame  time,  Whether  an  air  veflcl  be  ufed  or  not,  and  the 
flux  is  conftant  in  the  former  cafe,  and  interrupted  half 
the  time  in  the  latter,  the  velocity  of  the  ftream  ^wrill  be 
but  half  that  in  the  former  cafe ;  and  therefore  the  ma- 
chine will  fuffer  a  lefs  ftrain ;  from  the  continuance  of  the 
ftream  alfo  the  water  can  be  direfked  with  greater  cer- 
tainty to  any  particular  placcw 


LECTURE 
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LECTURE    V. 


I.  If  there  be  a  fucking  pipe  with  a  valv'e  open- 
ing upwards  at  the  top,  communicating  with  a 
clofe  v^flel  of  water,  not  more  than  thirty  two 
feet  above  the  level  of  the  refervoir ;  and  the  fteam 
of  boiling  water  be  thrown  on  the  furface  of  the 
water  in  the  veffel,  it  will  force  it  to  a  height  as 
much  greater  than  thirty  two  feet,  as  the  elaftic 
force  of  fleam  is  greater  than  that  of  air  3  and  if 
the  fteam  be  condenfed  by  the  injeftion  of  cold 
water,  and  a  vacuum  thus  formed,  the  veffel  will 
be  filled  from  the  refervoir  by  the  preffure  of  the 
atmofphere ;  and  the  fteam  being  admitted  as  be- 
fore, this  water  will  be  alfo  forced, up;  and  fo  on 
fucceflively. 

This  was  the  principle  of  the  firft  fteam  engine  invented 
by  the  Marquifs  of  Worcefter,  and  afterwards  carried  into 

cflFefl;  by  Mr.  Savery. 

2.   If 
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2.  If  the  fteam  be  admitted  into  the  bottom  of 
a  hollow  cylinder,  to  which  a  folid  pifton  is  adap- 
ted, the  pifton  will  be  forced  upwards  by  the  dif- 
ference between  the  elaftic  forces  of  fleam  and 
common  air ;  and  the  fteam  being  then  condcnfed, 
the  pifton  will  defcend  by  the  preflTurc  of  the  at- 
mofphere,  and  fo  on  fucceffively. 

This  is  the  principle  of  the  fteam  engine  (irft  contriyed 
by  Mefleurs  Ncwcomen  and'  Cowley  of  Dartmouth.  This 
engine  is  commonly  a  forcing  pump,  having  its  rod  fixed 
to  one  end  of  a  lever,  which  is  worked  by  the  weight  of 
the  atmofphere  upon  a  pifton  at  the  other  end,  a  temporary 
vacuum  being  made  below  it  by  fuddenly  condenfing  the 
fteam,  that  had  been  admitted  into  the  cylinder,  in  which 
this  pifton  worts,  by  a  jet  of  cold  water  tlirown  into  it. 
A  partial  vacuum  being  thus  made,  the  weight  of  the  at- 
mofphere prefles  doM^  the  pifton,  and  raifes  the  other  end 
of  the  ftraight  lever,  together  with  the  water  from  the  well. 
Then  immediately  a  hole  is  uncovered  in  the  bottom  of  the 
cylinder,  by  which  a  frelh  quantity  of  hot  fteam  ruflics  in 
from  a  boiler  of  water  below  it,  which  proving  a  counter- 
balance for  the  atmofphere  above  the  pifton,  the  weight  of 
the  pump  rods,  at  the  other  end  of  the  lever,  c»rries  that 
end  down,  and  raifes  the  piftion  of  the  fteam  cylinder. 
The  fteam  hole  is  then  immediately  fliut,  and  a  cock  opened 
for  injefling  the  cold  water  into  the  cylinder  of  fteam, 
which  condenfes  it  to  water  again,  and  thus  making  a  va- 
cuum below  the  pifton,   the  atmofphere  again  preffes  it 

down, 
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cio^^^n,  and  raifes  the  pump  rods  as  before  ;  and  fo  on  con- 
tinually.    ' 

3 .  If  r  be  the  diameter  of  the  cylinder  of  a 
fteam  engine,  in  inches,  then  will  6c*  be  the  mear 
fure  of  the  power  of  the  machine,  in  pounds, 

The  pifton  does  ,not  defcend  with  a  force  exceeding  eight 
or  nine  pounds  upon  every  fquare  inch  ;  but  upon  account 
of  fri£tion  and  alterations  in  the  denfity  of  the  air,  Do^or 
Xlutton  thinxs  it  fafeft,  in  calculating  the  power  of  the 
cylinder,  to  allow  only  71b.  10  oz.  for  every  fquare  inch, 
or  61b.>  for  every  circular  inch. 

4^  If  p  be  the  diameter  of  the  pump,  and/  the 

depth  of  the  pit  in  fathoms,  then  will  3^*=  pyi 

For  the  fe&ion  of  the  pump  in  circular  inches  z±  p^  X 

,7854,  and  p^  X  .7854  X   72  =  the  number  of   cubic 

inches  in  one  fathom  or  fix  feet  of  the  pump ;  but  there  are 

282  cubic  inches  in  a  gallon,  therefore^ 12  ^A Z? 

28Z 

=  1^^   is  the  number  of  gallons  in  one  fathom  of  the 

pump  ;  now  a  gallon  weighs  10^  lb,  therefore  -J  /*  X  lof 

lb.  X  /  =  the  weight  of  the  water  in  the  pump,  computed 

in  pounds,  which  mull  be  equal  to  6  r«,  the  power  of  the 

engine ;  that  is,  7^*  X  io|-  x/  =  6  r»,  or  2/>*/=  6c^, 

nearly.    See  Button's  Math.  Di&. 

5,  If  r  be  the  diameter  of  the  cylinder,  and  / 

the   length  of  the  ftroke,  i  the  diameter  of  the 

i 

boiler  ought  to  be  =  V^o  /r*. 
For  the  quantity  of  fteam  confumed  at  each  ftroke  =c 


^ 
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W^  J  and  fince  the  top  of  the  boiler  is  hemifpherical,  itj 

contents  will  be  =  — ;  but  if  the  top  contain  about  tco 
3 

times  the  quantity  of  fteam  ufed  each  ftroke,  it  has  been 
found,  that  it  will  require  no  more  fire  to  preferve  its  elafti- 
city  than  is  fufficient  to  keep  the  water  in  a  proper  ftatc 

y%  3   

of  boiling,  therefore  lo  /c*  = — ,    and  b  =  \/^o  Jt». 

6.  If  the  cylinder  and  pifton  be  fuyounded  at 
a  fmall  diftance  with  another  cylinder,  furnifhcd 
with  a  bottom  and  a  lid  with  a  hole  for  the  piilon 
rod  to  Aide  in  ;  and  the  interftice  between  the  cy- 
linders communicate  with  the  fteam  vcffel;  and 
two  valves  be  fixed  in  the  bottom  of  the  inner  cy- 
linder, one  of  which  admits  the  fteam  to  pafs  from 
the  interflice  into  the  inner  cylinder  below  the  pif- 
ton, or  Ihuts  it  out  at  pleafure,  and  the  other 
opens  or  ihuts  a  pipe  which  communicates  with  a 
veflel  called  the  condenfer,  which  is  alternately  a 
vacuum  and  filled  with  fteam  j  in  fuch  a  machine 
the  pifton  will  be  forced  downwards  by  the  aftion 
of  the  fteam  above  it,  when  a  vacuum  is  made 
below  it,  and  upwards  by  the  weight  of  the  pump 
rods  and  buckets,  when  the  fteam  being  admitted 
below  the  pifton,  counteradls  the  preflure  of  the 
fteam  above  it. 

This  is  the  principle  of  Mr.  Watt*s  fteam  engine.     ITic 
advantages  of  this  conftrudlion  are  i  ft,  that  the  cylinder 

being 
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being  furrounded  by  the  fleam  from  the  boiler,  is  kept  al<« 
ways  uniformly  as  hot  as  the  fteam  itfelf  ^  and  therefore 
no  fteam  is  loft,  as  in  the  other  engines,  by  its  contaA 
with  a  cold  p^lon.  2.  The  condenfer  being  kept  always 
as  cold  as  water,  the  fteam  is  perfe£lly  condenfed.  3.  The 
pump  rods  and  water  are  raifed  by  the  preflur^  of  fteam^ 
which  is  greater  than  that  of  the  atmofphere. 


N  n  PNEUMATICS, 
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PNEUMATICS- 


LECTURE    I- 


I .  W  IND  IS  a  current  of  air. 

That  part  of  Natural  Philofophy  whiclr  treats  of  wind  b 
properly  called  Pneumatics^ 

2.  The  caufcs  of  wind  are  various,  as  exhaia^ 
tlons,  the  melting  of  fnow  and  ice,  eleftricity, 
€old,  and  particularly  heat. 

3 .  If  the  fpring  of  the  air  be  weakened  in  any 
place  more  than  in  the  adjoining  places,  a  wind  will 
blow  through  the  place  where  the  diminution  is. 

4.  Winds  blow  into  rarer  air,  out  of  a  place 
filled  with  denfer. 

5.  If  the  air  be  fuddcnly  condenfed  in  any  placci- 
a  wind  will  blow  through  it. 

Becaufc  its  fpring  will  be  fuddenly^  diminiilied :  this  hap- 
pens 
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pens  when  the  air  in  any  place  has  been  very  much  rarified, 
ind  then  is  Aiddenly  cooled. 

6.  If  air  be  fuddenly  rarified,  its  fpring  will  be 
fiiddenly  increafed ;  it  will  therefore  flow  through 
the  air  not  afted  on  by  the  rarifying  force. 

7.  The  trade  winds  are  caufed  by  the  diurnal 
revolution  of  the  earth,  and  the  great  heat  of  the 
torrid  zone. 

The  trade  winds  are  thofe  North  Eaft  and  South  Eaft 
winds,  which  preyail  in  the  northern  and  fouthern  hemiC- 
pheres  throughout  the  yean 

8^  The  general  trade  wind  does  not  invariably 
take  place  beyond  the  28*^.  or  30^*.  degree  of  lati* 
tude, ' 

9.  The  fea  and  land  breezes  of  the  torrid  zone 
are  caufed  by  the  greater  heat,  which  the  land  ac-^ 
quires,  during  the  day,  than  the  fea ;  and  the  con? 
trary  during  the  night, 

Thefe  breezes  are  gentle  periodical  winds,  regularly 
fliifting  twice  every  day,  and  blowing  from  the  fea  toward^ 
the  land  during  the  day  j  and  from  the  l^nd  towards  the 
fea,  in  the  nighf . 

10.  The  monfoons  are  caufed  by  the  compofition 
of  the  general  trade  wind  with  thofe  winds,  which 
would  be  produced  by  the  alternate  heating  and 
cooling  of  the  neighbouring  feas  and  continents. 

ITic  monfoons  are  thofe  periodical  winds,  which  for 
(ix  months  together  blow  in  one  dire£tion,  and  for  the 
V  N  n  2  other 
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Other  fix  months  of  the  yeari  in  the  contrary  dife£Hon« 
They  prevail  in  in  the  northern  and  part  of  the  fouthera 
region  of  the  Indian  Ocean. 

1 1 .  The  variations  of  the  wind  do  not  arife  from 
the  influence  of  the  moon. 

12.  The  velocity  of  wind  in  a  ftorm  is  about 
fixty  miles  in  an  hour;  twenty  miles  in  a  very 
briik  gale ;  ten  in  a  pleafant  brifk  gale ;  and  five 
in  a  gentle  pleafant  wind. 

13.  The  force  of  the  wind  upon  a  fqilare  foot  is 
about  eighteen  pounds  avoirdupois  in  a  ftorm  ; 
two  pounds  in  a  very  brifk  gale ;  half  a  pound  in 
a  pleafant  brifk  gale ;  and  two  ounces  in  a  gentle 
pleafant  wind. 

14.  The  force  of  the  wind  on  the  fail  of  a  wind- 
mill is  in  a  ratio  compounded  of  the  duplicate  ra- 
tios of  the  fine  of  incidence  and  of  the  velocity  of  the 
wind,  and  the  fimple  ratio  of  the  area  of  the  fail. 

15.  The  fails  of  a  windmill  fliould  form  an  angle 
of  54*.  44'  with  their  common  axis. 

This  angle  however  is  only  that^  which  gives  the  wind 
the  greateft  force  to  fet  the  fail  at  firft  in  motion :  but  if  tlie 
machine  be  already  in  motion^  the  angle  of  incidence  muft 
be  varied  according  to  the  degree  of  that  motion ;  for  whcrt 
the  fail  has  a  certain  motion  it  yields  to  the  wind ;  and 
theji  that  angle  muft  be  increafed  to  give  the  wind  its  full 
eflfea.  Maclaurin  in  his  Fluxions,  p.  734,  and  in  his  View 
of  Newton,  B.  2.  c.  3.  has  (hewn  how  to  determine  thii 

angle 
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angle.  See  alfo  Saunderfon's  Flux.  p.  15.  And  Cnce  the 
velocity  of  the  fails  at  the  very  axis  is  nothing,  and  in- 
creafes  from  thence  to  their  extremity,  the  angle  at  the 
very  axis  ihould  be  54®  44',  and  thence  continually  increafe 
to  the  extremity,  giving  the  vane  a  twill,  and  caufing  all 
its  ribs  to  lie  in  different  planes.  This  is  exemplified  in 
the  wings  of  birds. 

16.  The  width  of  a  reftangular  fail  (hould  be 
double  its  length. 

This  is  demonftratcd  by  M.  Parent ;  whence  he  ihewsj 
that  the  ufual  form,  in  which  the  length  is  generally  five 
times  the  width,  is  extremely  difadvantageous. 

17.  The  bqft  form  of  the  fail  is  an  elliptical  fee- 
tor,  whofe  curvilincal  fides  converge  to  the  axle- 
tree  of  the  mill* 


LECTURE 
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ACOUSTICS. 


LECTURE    I, 


X.  Air  is  the  principal  medium  of  found. 

This  is  univerfally  admitted  :  but  fome  hold  that  it  i^  not 
the  only  medium,  for  that  water  is  a  medium  alfo  ;  in  con- 
firmation of  which  it  has  been  obferved,  that  fifties  appear 
to  be  furniihed  with  an  organ  of  hearing. 

z.  Sound  is  caufed  by  the  vibration  of  elaftic 
bodies. 

Philofophers  are  agreed  in  this,  becaufe  foundbg  bodies 
conununicate  tremors  to  diftant  bodies. 
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3.  If  a  tended  elaftic  fibre  be  drawn  from  its  rcfti- 
liueal  pofition  by  any  inflefting  force  perpendicular 
to  the  axis,  the  accelerating  force  of  any  particle  of 
the  ftring  will  be  diredlly  as  its  diftance  from  the 
axis  of  reft. 

Fig.  I.  Let  jiB  be  an  elaftic  ftring  fixed  at  the  point  jf, 
and  tended  by  the  weight  P  paffing  over  a  pulley  at  B  \  and 
let  it  be  drawn  into  the  pofition  JIB  by  an  inflefting  force 
a£ling  at  /,  in  the  dirc£lion  IR  bifefting  the  angle  AIB ; 
take  IF,  IE  feverally  equal  to  half  the  length  of  the  ftring 
jiB,  which  is  not  fuppofed  to  be  increaied  by  the  inflec- 
tiouj  and  complete  the  parallelogram  EIFR  \  the  conftant 
and  equal  tending  forces  of  the  ftring  in  the  dire£lions 
IE,  IF,  being  reprefentfd  by  thefe  fides  IE,  IF,  they 
compofed  a  force  =  ZR  =  the  infleflting  force  in  die  di- 
re£i:ion  IR  ;  through  /  draw  III  parallel  to  the  axis  jiB, 
and  from  R  let  fall  the  perpendicular  RG  on  IH',  the  in- 
flefling  force  in  the  dire£tion  IR  is  to  the  infle£ting  force 
in  the  dire£Hon  RG,  perpendicular  to  the  axis,  as  RI  to 
RG',  therefore  the  infle^ing  force  perpendicular  to  the 
axis,  is  to  the  tending  force  m  the  dire£lion  IB,  as  RG  to 
IF,  that  is,  very  nearly  as  2  GK  to  IF,  becaufe  the  angle 
IAD,  which  is  indefinitely  little  by  the  hypothefis,  is 
greater  than  IMF;  and  lEFox  IF£  is  greater  than  FDB 
or ADE',  therefore  IAD  is  greater  than  ADE-,  there- 
fore DE  very  nearly  coincides  with  DA-,  and  GK  :  GR  : : 
IC  :  IR  :  :  I  ;  2',  therefore  the  infle£):ing  force,  in  a  direc- 
tion perpendicular  to  the  axis,  is  very  nearly  dircftly  as 
CK  or  IF^^  the  perpendicular  diftance  of  the  point  /  from 

the 
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tie  axis  of  reft ;  but  the  accelerating  force  at  /is  equal  to 
die  infleding  force-.  This  is  alfo  confirmed  b^  experi- 
ment. 

4.  All  the  parts  of  a  vibrating  ftring  perform 
their  vibrations  in  the  fame  time,  according  to  the 
law  of  a  cycloidal  pendulum. 

5.  All  the  vibrations  of  an  claftic  fibre  arc  per- 
formed in  equal  times. 

6.  The  accelerating  force  of  any  particle  of  a 
mufical  ftring  is  =  the  product  of  the  tending 
force  X  length,  divided  by  the  weight  of  the 
ftring  X  the  radius  of  the  ftring's  curvature  in  the 
particle. 

Fig.  2.  In  a  mufical  ftring  AIBy  let  IK^  LK  reprefent 

two  elements  of  the  curve ;  and  let  IM^  LM  be  erefted 

perpendicular  to  thefe  elements ;  they  will  meet  in  M  the 

centre  of  curvature;   complete  the  parallelogram  IKLN^ 

the  tending  force  of  the  weight  P :  motive  force  of  the 

point  K  ::  IK  :  KN\  but  the  fibre  is  every  where  equally 

ftretched  by  the  weight  P,  therefore  the  tenfions  IK,  KL 

are  equal,  and  the  triangle  KIN  is  ifofceles  -,  then,  bccaufe  of 

the  right  angles  KIM  and  KLM^  LKI  +  Af  =  two  right 

angles  =  LKI  +  KIN,  v  KIN  =  AT,  and  the  triangles 

LMI,  KIN  are  fimilar ;  and  IK  :  KN::IM:IL::  tend- 

P  X  IL 
ing  force  P  :  modve  force  of  the  element  IL  .z=  — tTj^* 

IM 

let  this  force  —  A  \  alfo  let  the  weight  of  the  ftring  =  W, 

IL  X  W 

its  length  r=  I. ;  the  weight  of  the  element  IL  3= — , 

let 
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let  this  weight  =  B,  then  the  s^:cc!eratmg  force  of  the 
clement  IL  z=  -=  = 


B       WXIM 

7.  In  a  mufical  ftring  the  ordinates  are  inverfely 
^s  the  radii  of  curvature  at  the  extremities  of  the 
ordinates  of  the  curve,  which  the  ftring  aflumes  in 
vibrating. 

For  fince  P,  i,  and  Wtxc  given,  the  accelerating  force  is 
inverfely  as  IM  the  radius  of  curvature  5  but  the  accelerate, 
ing  force  is  alfo  direftly  as  the  ordinate  IF^  or  tlic  diftancc 
of  the  point  from  the  axis  of  r^ft. 

8.  If  there  be  defcribed  two  concentrical  circles, 
the  radius  of  the  interior  being  indefinitely  lefs  than 
that  of  the  exterior  5  and,  the  femidiameter  of  the 
interior  being  confidered  as  an  abfcifla,  if  an  ordi- 
nate move  from  its  extremity  to  the  centre  fp, 
that  this  ordinate  (hall  be  always  equal  to  the  arch 
of  the  exterior  circle,  fimilar  to  that  of  the  inte* 
rior  which  the  ordinate  meets,  the  extremity  of 
the  ordinate  will  defcribe  the  harmonic  curve, 

Fig.  3.  For  let  C  1^  the  cpmmon  c^ntye  pf  the  two 
circles,  and  the  ordinate  HI  always  equal  to  the  arch  EG^ 
iimilar  to  the  arch  DF\  draw  JVN  indefinitely  near  to  KI\ 
from  /,  Fj  and  O  let  fall  perpendiculars  on  the  axis  AB 
of  the  curve ;  draw  the  radii  CFG^  COZ  5  join  EL,  Ey  j 
and  from  /  and  NertQ:  the  perpendiculars  /Af,  NM,  which 
meet  in  M  the  centre  of  curvature  of  the  element  IN^ 
^d  with  EL  a^  a  radius  defcribe  the  arch  Lr^  Then 
Oq  CL 
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CL  :  CFizFP  :  FO  (from  fim. triangle ji)  and  CF :  CE 
;:FO:GZ\  therefore  Cf.:CE::FP  or  IT:  GZ or  STAT, 
and  therefore  t}ie  triangles  CEL,  INTy  are  fimilar.  Now 
FL  :  Ci  f :  PO  :  PF,  and  CL  :  £L  : :  iT  pf  FP  :  IN^ 
therefore  FL:£L: :  PO  :  /Z^;  but  PO  =  Ly  :sz  Lr, 
^erefpre  FL  :  EJ^  : :  Xr  :  IN : :  ^X :  IMi  whenpe  FL  or 

jr  =  =  ~,_>-i  that  is,  becaufe  EC  is  cpnftant,  fhe 

IM  IM 

ordinate  IF  is  inverfely  as  IJU  the  radius  of  curvature ;  an4 

therefore  the  curve  is  that  which  a  mufical  ftring  aflumeg 

in  vibrating. 

9.  The  reftanglc  under  the  radius  of  curvature 
and  the  ordinate  in  any  point  is  to  the  fquare  of  the 
length  of  the  firing,  in  a  duplicate  ra^io  of  the 
diameter  of  a  circle  to  its  periphery. 

For  /Af  X  /T  =  CE*  5  b^t  QE  :  2CJB  or  L  the  length 
of  the  ftring  : :  radius  :  femi-circumference  :  :  diameter  ^ 

^  the  periphery;  and  therefore  CE*  =1.*  X  j— -. 

10.  If  fFht  the  weight  of  a  mufical  ftring,  L  us 
length,  P  the  tending  force,  and  g  the  fpace  dc- 
fcribed  by  a  falling  body  in  1 -,  then  will  T  thq 

^imc  of  vibration  of  the  ftring  ==     / — - . 

Let  p  be  ^e  periphery  of  a  circle  whofe  diameter  =  %^ 

PxL 

^  =  w    y «!>  =  t|ic  accelersiting  force  of  the  particle  /of 

Ae  ftring,  at  die  diftance  IV  from  the  axis  of  reft,  then 
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%  die  tune  of  the  whole  vibration^  =  I  j- ^  ■ 
(Sec  Art.  5f.  Left.  11.  Mcch.)-,  but  IFy^IM^  ~-;there* 

fore,  by  fobftitution,  T:=z  J — '—i 

n.  In  homogeneal  firings,  fincc  theif  weights  are 
as  the  fquares  of  their  diameters  x  the  lengths^  er- 
as D*  X  1^9  the  times  of  the  fingle  vibrations  of  the 

firings  will  be  as     y-_  ;  that  is»  in  a  ratio  cojn- 

Jjounded  of  the  diifeft  limple  ratios  of  their  dia- 
meters and  lengths^  and  the  inverfe  fubduplicate 
ratio  of  their  tenfions^ 

1  li  The  ton^  of  a  founding  body  dependi^  on 
the  number  of  vibrations  which  it  performs  in  a 
given  time* 

For  whenever  the  tintc  of  vibration  of  two  ftrings  is  the 
fame,  the  tone  is  likewife  the  famej  and  whenever  the 
time  is  difierent,  the  tone  is  fo  fikewife,  and  that  in  a  cer« 
tain  relation  to  the  number  of  vibrations. 

13.  A  found  is  acuter,  (harper,  higher  than  an- 
other, if  the  founding  body  perform  a  greater 
number  of  vibrations  in  a  given  time, 

14.  The  time  of  vibration  of  any  founding  body 
is  equal  to  the  time  of  vibration  of  an  unifonal 
firing. 

Ooa  15-  A 
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15.  A  body  which  gives  the  graveft  hatmonic 
found,  vibratefs  twelve  times  and  an  half  in  1''; 
and  the  ftirilleft  founding  body  vibrates  51 100 
times  ih  a  fecond. 

16.  A  found  is  muficali  if  the  vibrations  of  thd 
founding  bodies  be  ifochronous. 

The  diflTerence  between  a  mufical  found  a:nd  a  noife  is, 
dfat  a  noife  is  a  compound  of  many  different  and  <fifcof- 
dant  tones  cbnfufed  together ;  whereas  a  mufical  found  is 
the  cffe&  of  ifochronal  vibrations^ 

17.  The  parts  of  mudcal  bodies  vibrate  accord- 
ing to  the  law  of  a  cycloidal  pendulum. 

Becaufe  diey  may  be  confidered  as  compofed  of  elaftic 
fibres. 

18.  Sounding  bodies  propagate  their  motions 
on  all  fides,  in  direftum,  by  fucceffive  condenfations 
and  rarefaftions,  and  fuccefSve  goings  forward  and 
feturnings  backward  of  the  particles  of  air. 

Tfiofe'  parts  of  the  air  which  vibrate  backwards  and  for- 
wards, and  which  by  going  forwards  ftrikc  againft  obft»- 
cles,  are  called  Pulfes. 

19^  The  velocity  of  found  is  1142  feet  in  a  fe- 
cond. 

This  is  determinecf  by  experiment. 

20.  All  pulfes  move  equally  faft. 
This  alfo  appears  from  experiment. 

21 .  The  pulfes  of  air  are  propagated  from  found- 

ing 
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ing  bodies  according  to  the  law  of  a  cycloidal  pen- 
dulum. 

For  the  pitch  of  a  founding  body  does  not  alter  while 
the  hearer  varies  his  diftance  from  it ;  therefore  the  larger 
and  fmaller  vibrations  of  the  particles  of  air,  at  fmaller 
and  greater  diftances  from  the  founding  body  are  ifochro- 
nous^  and  confequently  the  accelerating  forces  of  the  parti- 
cles are  every  where  proportional  to  the  little  fpaces  which 
they  defcribe,  as  in  a  pendulum. 

22.  The  number  of  pulfes  propagated  is  the 
fame  with  the  number  of  vibrations  of  the  found- 
ing body. 

23.  The  latitude  of  a  pulfe  is  equal  to  the  fpace 
which  the  pulfe  defcribes  in  a  given  time,  divided 
by  the  number  of  vibrations  performed  in  the  fame 
time  by  the  founding  body^ 

24.  The  decay  of  found  according  to  the  dif- 
tance, arifes  principally  from  the  want  of  perfedt 
clafticity  in  the  air. 

25.  The  augmentation  of  found  in  fpeaking 
trumpets  depends  on  its  refleftion  from  the  tremu- 
lous fides  of  the  tube. 

26.  All  points  of  obftacles  which  produce  an 
echo,  muft  lie  in  the  furface  of  an  oblong  fpheroid, 
generated  by  the  revolution  of  an  ellipfe,  whofe 
major  axis  exceeds  the  interval  between  the  foci, 
by  a  greater  fpace  than  127  feet. 

It 
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I. 


It  is  not  abfelutely  nectffdxy,  that  the  rcicGting  points 
(hould  lie  accurately  in  the  futface  oif  this  fpheroid :  if 
the  fums  of  the  lines  dtawn  from  the  hearer  and  found- 
ing body  to  the  refleAing  obje£ls  do  not  differ  from  each 
other  by  more  than  127  feet,  the  pulfes  propagated  by  re^ 
icQdon  from  thofe  obftacles  will  not  be  diftinguiihaUe* 

27.  If  there  be  different  echoing  fpheroids, 
there  will  ht  different  fueceiHve  echoes  of  the 
fame  original  found. 


LECTURE 
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l-ECTUR?:    II 


r.  A  CONSONANCE  is  a  varied  tone,  gene^ 
I'ated  by  the  fimultaneous  founding  of  two  mufical 
bodies,  accompanied  with  a  pleafant  fenfation. 

z.  The  agreeable  fenfation  of  confonances  is 
not  the  refult  folely  of  the  frequent  coincidence  of 
the  pulfes. 

For  if  a  baps  firing  perform  four  vibrations  while  another 
performs  feren,  their  tones  will  be  difcords ;  and  if  there 
be  another  ftrin^  which  performs  eight  vibrations  while  the 
bafe  performs  five,  the  bafe  and  this  latter  firing  will  be 
cpncords.  Now  while  the  bafe  performs  twenty  vibrations 
the  firfl  treble  will  perform  thirty-five,  and  there  will  be 
five  coincident  pulfes  ^  and  while  the  fame  bafe  performs 
twenty  vibrations,  the  fecond  treble  will  perform  thirty-two 
yibra^ons^  and  there  will  be  but  four  coincident  pulfes.    So 

that 
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that  in  the  fame  time  there  wUl  be  fewer  coincidenees  in 
the  vibrations  which  arc  concordant,  than  in  thofe  '^hidi 
are  diflbnant. 

.  3,  The  agreeable  fenfation  of  confonances    de- 
pends on  the  fimplicity  of  their  cycles  of  times- 
Fig.  4.  The  cycle  of  times  of  two  mufical  firings,   is 
the  feries  of  portions  of  time  between  the  fucceffive  pulles 
of  both  firings  interchangeably  fucceeding  one  another^   in 
beating  upon  the  ear,  terminated  at  both  ends  by  coinci- 
dent pulfes :  and  this  cycle  will  be  more  fimple,  the  lefs 
the  fum  of  the  vibrations  of  the  two  firings,  and  the  Icfs 
the  equal  times  between  the  pulfes  of  the  acuter  found 
are  interrupted  and  fubdivided  by  the  pulfes  of  the  graver. 
For  example,  let  AB  and  its  parts   reprefent  the  time  in 
which  a  firing  performs  two  vibrations,  and  an  equal  line  DE 
and  its  three  equal  parts,  the  time  in  which  another  per- 
forms three  vibrations,  and  let  the  pulfes  be  coincident  at 
the  moments  of  time  A^  D,  and  -B,  E ;  between  the  firfl 
pulfe  and  the  fecond,  that  beat  on  the  ear,  there  elapfes  the 
time  DF\  between  the  two  next  impulfes  there  will  elapfe 
Ae  time  jRr,  then  f G,  and  laflly  GE  \  now  this  feries  of 
times,  DFy  Fc,  cGy  GE  is  the  cycle  of  tipies.    Suppofe 
again,  that  MN  reprefents  the  fame  time  in  which  another 
firing  vibrates  once,  the  fum  of  the  vibrations  performed 
in  the  given  time  by  MN  and  .DjB  together  will  be  lefs  than 
the  fum  of  the  vibrations  of  AB  and  jDJ?  in  the  fame  time; 
and  therefore  the  cycle  will  on  that  account  be  fimplcr. 
Further,  let  P^and  its  four  equal  parts  reprefent  the  four 
'tibrations  qf  another  firing  performed  in  the  fame  time; 

th« 
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Ac  fuilfi  6f  die  vibrations  of  P^  and  MN  is  equal  to  the 
fum  of  the  vibrations  of  ^B  and  DE  in  the  fame  time ; 
1>ut  the  vibrations  of  P^  arc  not  fubdivided  by  thofc  of 
JUN,  whercis  the  middle  vibration  of  DE  is  fubdivided  bf 
a  pulfe  of  jIB  ;  hence  the  former  cycle  of  times  is  fimpler 
than  the  latter^ 

4.  If  the  times  of  vibration  of  the  two  mulical 
bodies  be  as  one  to  two^  they  generate  a  tone  which 
is  called  an  odtave, 

5.  Th6  oi^ave  is  not  fuppofed  to  alter  the  na- 
ture of  any  confonance. 

Becaufe  notie  of  the  equal  times  between  the  pulfes  of 
the  acuter  found  are  interrupted  or  fubdivided  by  the  pulfea 
of  the  graver. 

6.  The  tone  of  any  firing  and  of  its  half  may 
be  conGdered  as  the  limits  of  all  poflible  tones. 

Because  we  may  reduce  within  thefe  limits  the  tones  of  all 

firings  longer  than  the  whole^  or  ihorter  than  the  half,  by 

'taking  the  double,  quadruple,  octuple,  &c.  of  thefe  ftring^ 

in  the  latter  cafe ;  and  the  fubduple^  fubquadruple,  fubo^u- 

ple,  &c«  in  the  former. 

7.  If  unity  be  fuppofed  equal  to  the  length  of  any 
firing,  all  poffible  tones  may  be  reprefcnted  by  this 
unit  and  all  the  fraftions  which  are  comprifcd  be- 
tween unity  and  its  half. 

It  appears  therefore  that  all  the  tones,  which  can  be  con« 
cords  to  that  of  a  given  firing,  are  produced  by  firings 
vjrhofc  lengths  are  intermediate  between  that  of  the  whole 

P  p  firing 
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ftring  and  its  half  ^   and  hence  the  oGtzve  is  called  the 
Diatpafoiw 

8.  If  two  chords  perform  their  vibrations  in  the 
fame  time,  they  generate  an  unvaried  tone  called 
an  unifon. 

9.  If  the  times  of  vibration  of  two  chords  be  as 
one  to  three,  they  generate  a  eonfonance  which  is 
called  a  fifth  of  diapente. 

10.  A  fyftem  of  founds,  in  which  the  mufical 
primes  are  one  and  two  only,  is  rejeded  for  its  toa 
great  fimplicity. 

For  the  o£lave  h  fcafcely  diftin^ifiiable  from  its  funda^ 
Mffental ;  hence  therefore  other  confonances  muft  be  intro^ 
duccd  :  now  the  ratio  of  i  to  3  is  next,  in  order  of  fimplz-^ 
city,  after  the  ratio  of  i  to  2. 

I  r.  By  admitting  the  number  three  amongft  the 
mufical  primes^  befides  a  fifth  a  perfeft  fourth  is 
likewife  introduced^  which  is  a  eonfonance  gene- 
rated by  the  ratio  of  3  to  4* 

12.  If  the  times  of  vibration  of  two  chords  be 
as  one  to  five,  they  generate  a  perfedl  eonfonance 
called  a  fixth. 

13.  From  the  perfedt  confonances  and  their  ele- 
ments arife  all  the  concinnous  and  inconcinnous 
intervals. 

Thus  the  diiFercnce  between  a  perfect  third  and  pcrfe£l 
fourth  =  I  -h  |.  =  .5_|,  which  is  the  ratio  of  a  hcmitonc  ma- 
jor 5, 
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jor;  the  difference  between  a  perfeft  fourth  and  fifth  =  J  -*- 

±  —  2,    which  is  the  ratio  of  a  major  tone  ;  the  difference 

38'"  ■' 

between  a  perfeft  fifth  and  fixth  =  |  -7-  f  =  ^,-,  is  the 
interval  of  a  minor  tone.     Alfo,  the  difference  between 
a  major  and  minor  tone  =  |  -r  ^^^  =  1^^  is  the  Inter- 
val of  a  comma,  or  fchifm  \  the  difference  between  a  mi- 
nor tone  and  a  hemitone  =  -^-^  -^  \.j.  =  i.{.,  is  the  inter- 
Tal  ef  a  diefis  or  minor  hemitone ;  the  difference  between 
a  hemitone  major  and  a  hemitone  minor  =  ^  -f-  i.i-  = 
j.^1.  is. the  intenral  of  the  enharmonic  diefis,  or  minor 
diefis,  or  quarter  of  a  note ;  and  the  difference  between  a 
hemitone  major  and  a  comma  =;:  }^±  ^  Ijl  z=.  ±Lt  is  the 
intenral  of  a  linrnia.     This  latter  interval  was  anciently 
called  the  Pjrthagorean  Hemitone,  becaufe  the  Pythago.- 
reans  did  not  )ife  the  minor  tone }  and  therefore  their  fpurth, 
being  compofed  of  two  major  tones  and  a  complete  hemi«- 
tone,  would  have  bepn  too  great  by  a  comma ;  they  were 
therefore  obliged  to  diminifii  the  hemitone  by  this  quan^ 
tity- 

14,  If  no  other  primes  than  i,  2,  3  were  ad- 
mitted ipto  the  compofitipn  of  confonances,  a  fyf- 
tern  of  founds  thence  refulting  could  have  no  per- 
fed  thirds,  nor  any  perfedt  confonance  whofe  vi- 
brations are  in  any  ratio  having  the  number  five, 
Qv  any  multiple  of  it,  for  either  of  its  terqiSt 

15.  If  in  a  fyftem  of  founds  which  admits  no 
Qther  primes'  than  i,  2,  3,  we  afcen4  by  a  perfedt 

Ppz  .     fifths 
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^fth,  and  dcfcend  by  a  perfcA  fourth  aiternatdjr, 
the  oAave  will  be  divided  into  five  major  tones  aac} 
two  limmas* 

Fig*  5.  Becauib  the  diftrencc  between  thefe  iu<tcefBTe 
fourths  and  fifths  are  major  tones ;  and  the  difoence  bev 
tween  three  major  to^es  and  a  fifths  and  betweeptwo  major 
tones  and  a  fourth  is  a  lin^na. 

1 6.  In  fuch  a  fyftem,  the  conforiances  that  would 
be  perfect,  if  the  number  five  were  admitted  amongft 
the  muftcal  primes,  will  be  produced  by  powers  of 
eight  and  nine  ;  the  terms  therefore  of  the  ratios 
being  fq  high,  thefe  ^onfonances  become  extremely 
difj^eeable  J  and  confcquently  this  fyftem  muft  be 
rejefted. 

17.  If  the  number  five  be  admitted,  which  gives 
the  ratio  next  in  order  of  fimplicity  after  the  ratio 
of  I  to  3,  the  oftave  will  be  divided  into  three 
major  tones,  two  minor  tones,  and  two  hemir 
tones. 

Fig.  6,  Let  E  be  a  pcrfe£k  third  major,  F  a  fourth,  G  a 
^fth,  and  ji  a  fixth,  to  the  fundamental  C;  from  E  to  F 
is  an  interval  of  » 1,  which  is  called  a  hemitone,and  denoted 
by  the  letter  jFf ;  from  i^  to  G  is  an  interval  of  1.  which  is 
called  a  tone  major,  and  denoted  by  the  letter  7*;  from  G  to 
ji  is  an  interval  of  Jl-^  which  is  called  a  tone  minor,  and 
is  denoted  by  the  letter  /.  Now  the  lengths  of  the  firings 
C,  E  are  to  each  other  in  the  fiime  ratio  as  the  lengths  of 
Jp  and  J^  and  therefore  they  comprife  the  interval  of  a 

tone 
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tone  major  and  tone  muior.     Alfo^  the  firings  j1,  c,  are  to 

sach  other  in  the  fame  ratio  as  E  and  G,  and  confequentljr  4 

oomprile  the  fame  intenrals,  to  wit,  a  tone  major  and  an 

hemilone;  and  thus  the  elements  of  the  o£laye  are  three 

major  tones,  two  minor  tones,  and  two  hemitones. 

i8.  If  we  afcend  by  the  pcrfeft  intervals  there 
will  arife  the  major  mode. 

For  a  perfeft  third,  fourth,  fifth  and  Cxth,  being  tuned  to 
the  fundamental,  the  intenral  between  die  third  and  fourth 
is  an  hemitone  i  and  the  interval  between  the  fourth  and 
fifth  is  a  tone  m^jor ;  and  die  interval  between  the  fifth 
and  fixth  is  a  tone  minor ;  but  the  interval  between  the  funda- 
mental and  the  third  is  equal  to  the  interval  between  the 
fourth  and  fixth,  that  is,  equal  to  a  major  and  a  minor 
tone,  and  therefore  is  a  major  third;  from  which  the  mode 
is  denominated. 

19.  If  a  mufical  firing  and  its  parts  be  in  pro- 
portion to  one  another  as  the  numbers  r,  |,  |,  |., 
^^  |,  -«-,  I,  their  vibrations  vvill  exhibit  the  na- 
tural feries  of  founds  in  the  oftave.  Fig.  7. 

Fig.  6.  For,  a  perfeft  third,  fourth,  fifth  and  (ixth  be- 
ing tuned  to  the  fundamental,  the  order  of  tfheir  elements 
is  as  natural  as  that  of  the  concords  themfelves ;  therefore 
in  inferting  a  tone  between  the  bafe  note  and  the  third, 
and  between  the  fixdi  and  the  oftave,  it  muft  be  done  fp, 
that  the  fame  order  may  be  preferved  ;  that  is,  the  interval 
between  the  bafe  note  and  the  next  muft  be  a  tone  major, 
and  of  confcquence,  the  complement  to  the  third  a  tone 
tninor  j  and  the  interval  next  the  odtave  mufl  be  that  of  an 

hemitoae^ 
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hcmitonc,  and  of  courfe  the  interval  below  it  a  tone  major; 
for  by  this  arrangement,  the  hemitone  of  the  preceding 
oftavc  will  conftitute  the  natural  order  of  the  elements  with 
the  next  major  and  minor  tones  of  the  fubfequent  o£^ve  ; 
and  any  other  mode  of  infertion  will  difturb  this  natural 
order.  Thus  we  fee  that  the  arrangement  of  the  elements 
of  the  odlave  is  the  natural  and  neccffary  confequcnce  of 
the  order  of  the  pcrfeft  confonances. 

20.  If  we  defcend  by  the  perfcft  intervals,  there 
will  arife  the  minor  mode. 

Fig,  8.  For  in  this  cafer  :^  :  \E\C\\L\\  ::  i.:^which 
is  therefore  the  length  ol  A\  in  like  manner  c\G  \\  F\C 
:  :  i. :  I  : :  J. :  1  z=  i.,  which  is  the  length  of  G ;  alfo,  c  : 
i?* : :  G  :  C  t :  y  :  I  :  :  i  :  4,  which  is  the  length  of  i^j  and  c : 
E  : :  A:C:  :  l:i  ::  JL:  I  which  therefore  is  the  length  of 
£  5  hence  the  fundamental  C  is  to  the  third  :  :  i  :  1,  which 

6 

therefore  is  a  minor  third  ^  from  which  the  key  is  deno- 
minated. 

21.  The  diatonic  fyftem  is  that  in  which  the 
melody  proceeds  by  tones  major  and  minor,  and 
Lemitones. 

In  this  fyftem  muficians  denote  the  eight  founds  of  the 
oftave,  in  the  natural  order,  by  the  letters  C,  D,  -E,  F, 
G,  j1,  Bf  c\  and  fomctimes  by  the  fyllables,  Ut,  Re,  Mi^ 
Fa,  Sol,  La,  Si,  ut. 

22.  If  we  afcend  by  the  fame  perfeft  intervals 
by  which  we  defcend  in  the  major  mode,  the  ar- 
rangement of  the  elements  will  be  equally  natural. 

Fig. 
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Fig.  8.  The  order  of  the  perfc£k  intervals,  by  taking 
their  reciprocals,  will  now  be  *,  -f-,  -f,  y>  f,  i ;  or  theit 
equivalent*  I,  {,  ^,  |,  1,  i ;  but  the  firft  interval,  from 
I  to  |-  id  a  minot  third,  and  is  equal  to  that  between  -^  and 
-|-9  Aat  is,  it  contains  a  tone  major  and  an  hemitone ;  and 
the  interval  between  ^  and  {  is  equal  to  the  interval  be-* 
tween  1  and  ±,  and  therefore  contains  a  major  tone  and 
a  minor  tone.  But  in  inferting  thefe  tones  we  natural- 
ly proceed  in  fuch  a  manner,  as  that  the  fame  elements 
fliall  follow  each  other  in  the  fame  order,  in  diiFcrent  parts 
of  the  afcent ;  therefore  the  major  and  minor  tones  will 
be  outermoft,  fo  that  the  tone  minor  of  the  preceding 
o£^ave  will  compofe  the  natural  order  with  the  tone 
major  and  hemitone  of  the  fubfequent  oftave ;  this  order 
being  already  afcertained  thus,  /,  T,  H,  by  the  perfe£k  con- 
fonances. 

23.  Thefe  two  modes  are  called  the  major  and 
minor  mode. 

Becaufe  the  third  above  the  fundamental  in  the  former  is 
a  major  third,  and  in  the  latter  a  minor  third. 

24.  There  can  be  no  more  than  two  modes. 
Becaufe  the  perfeft  concords  being  given,  andconfequently 

their  order,  there  can  be  no  other  variety  than  either  afccnd- 
ing  or  defcending  by  them;  fo  that  if  in  afcendirig  in  the  ma* 
jor  mode  the  complement  of  the  perfeft  fixth  to  an  oGtzvt 
had  been  a  major  third,  there  would  have  been  no  fuch 
thing  as  a  minor  mode. 

25.  A  fyftem  of  founds  whofe  elements  are  tones 

major. 
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major,   and  minor,   and  hemitottcs,  tviU  iieccfla- 
rily  contain  fome  imperfeft  concords. 

Fig.  9.  For  in  both  modes  there  is  an  impcrfed  minor 
thir<l>  which  i$  deficient  by  a  comma,  or  the  difitrence  be- 
tween a  tone  major  and  tone  minor.  Now  if  you  tune 
upwards  from  C  the  two  perfeA  fifths  CG,  GJ,  and  the 
perfect  feventeenth,  or  a  double  o£lave  and  third  C^  *,  then 
downwards  the  fifth  ea  \  the  intermediate  fifth  ad  will  be 
too  little  by  a  comma,  as  including  the  imperfed^  minor 
third  df.  And  by  tuning  an  o£tave  below  a,  we  ihall  have 
the  imperfe£t  fourth  jfd^  too  large  by  a  comma,  as  con^ 
fifting  of  two  major  tones  and  an  hemitone. 

26.  No  voice  or  perfcd  inftrument  can  always 
proceed  by  perfect  intervals  without  erring  from 
the  pitch* 

This  immediately  follows  from  the  laft  article.  Thus, 
if  a  perfon  fing  the  notes  C,  F,  D,  6,  C,  akematel)' 
afcending  and  defcending  by  perfeft  intervals,  the  latter  C 
will  be  lower  than  the  fotmer  by  an  entire  comma  *,  for 
the  ratios  of  thefe  intervals  are  4  :  3,  5:6,  4:3,  and  2:3, 
which  compofe  the  ratio  of  160 :  162,  or  80  :  81,  which 
is  the  ratio  of  a  comma.       • 

In  like  manner  on  the  violin,  if  the  four  firings  be  tuned 
perfedk  fifths,  the  firft  ftring  or  treble  will  found  the  oc- 
tave to  the  perfect  fixth  above  the  bafe,  but  it  will  be  to« 
acute  by  a  comma ;  for  fuppofe  the  number  of  vibration^ 
of  the  bafe  ftring,  /oly  in  a  given  time  to  be  twelve,  the 
next  re  will  perform  eighteen  in  the  fame  time,  the  fecond 
ftring  la  27,  and  the  treble  mi,  40^,  becaufe  2  :  3  is  the 

ratio 
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lado  of  a  perfeiSt  fifth ;  but  the  perfed;  fixth  above  fit 
I2f  is  ao^.^becaufe  the  ratio  of  a  fixth  is  3  :  5,  and 
3;  5.::  12  :  ao,  whofe  pdavc  is  40  }  whereas  the 
^treble  is  40!,  that  is,  a  cpn^ma  higher  than  jthe  perfe^ 
oftave  of  mi,  for  40  :  40^  ;  :  80  :  81. 

27.  Nq  other  pr^pies  than  i,  2,  3,  5,  are  tp  be 
admitted  into  mufical  ratios. 

Firft,  becaufe  the  confpnances  whofe  vibrations  are  exir 
prefled  by  terms  involving  other  primes^  as  7,  11,  13,  &c. 
would,  cxteris  paribus,  be  lefs  iimple  and  harmonious.  Ser 
condly,  as  perfe£l  fifths  and  other  interv;Us  refulting  from 
the  number  3  make  the  fqhifm  of  a  comma  with  thp 
perfe£t  thirds  and  o^er  intervals  refulting  from  the  num- 
ber 5,  fo  fuch  intervals  as  refult  from  the  numbers  7,  11, 
13,  &c.  would  make  other  fchifms  with  both  thofe  kind^ 
of  intervals.     See  Smith's  IJai^onics,  p.  33-      ^ 

28.  Xhe  difagrecable  efFed  of  the  imperfect  con- 
cprds  in  Jthe  diatonic  fyftem  has  obliged  mufician3 
to  have  recourfe  to  tempered  fyftems. 

Fig.  9.  The  difagteeable  ciFeft  in  every  o£laye  of  the  5th* 
da,  which  is  deficient  b^  a  comjna,  and  of  the  4^^^  d^i,  whiclji 
is  exceffiv^  by  a  copima^  has  obliged  oiuficians  to  (liftribute 
this  comma  eguallv  amongi{  the  four  5tb8.  contained  in  th^ 
double  Svc.  and  third  ;  pr  within  ^e  compafs  of  1 7  notes 
from  the  bafe  note  :  this  diftribution  is  galled  the  Participa-r 
tion,  or  Temperament  of  the  fyftem.  See  Smith's  Harmo- 
nics. 

2^.  If  the  periphery  of  a  cjrcle  b?  divided  fq  as 
to  reprefent  the  order  and  proportion  of  the  ele- 

Q^q  ments 
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I  mcnts  of  the  oftave  in  the  diatonic  fyftcm,  whe- 

I  ther  in  the  major  or  minor  mode,  and  the  major 

"third  which  lies  between  the  two  hemitones  be  bi- 

fected  J  and  the  other  two  majoif  tones  te  diminiffied 

at  both  ends  by  a  quarter  of  the  difference  between 

a  major  and  minor  tone,  the  oftave  will  be  divided 

into  five  mean  tones,  and  two  limmas,  each  limma 

exceeding  an  hemitone  by  the  quarter  of  a  comma. 

Fig.  I  o.  For  the  major  tone  CD  being  diminiihed  by 

half  the  difference  between  it  and  a  minor  tone,  and  the 

minor  tone  DE   as  much  increafed,  they  are  rendered 

equal.     Alfo  the  minor  tone  G^,  which  lies  between  die 

two  major  tones,  is  increafed  at  each  fide  by  a  quarter  of  a 

comma,  that  is,  in  all  by  half  a  comma;  and  the  major  tones, 

which  lie  at'  each  fide  of  it,  are  diminUhed  at  both  fides  by 

f    •  /a  quarter  of  a  comma,  that  is,  in  all  by  half  a  comma  ^  and 

thus  all  the  tones  are  reduced  to  an  equality.     Hence  this 

IS  called  the  fyftem  of  mean  tones.    The  limmas  alfo  are 

equal  by  conftrufbion. 

30.  In  the  fyflem  of  mean  tones,  every  perfedt 
5*-  is  diminiflied  by  a  quarter  of  a  comma. 

For  every  tempered  5tli.  =  3  mean  tones  *|-  i  limma,  = 
3  minor  tones  +  '  hemitone  +  iJ  comma*  5  but  a  diatonic 
or  untcmpercd  sth.::zzT  +  t'^H=:2  /  +iif  +  a  com-. 
mas. 

This  is  ufually  called  the  Vulgar  Temperament;  and 
Mr.  Huygens  thought  it  the  beft. 

31.  In  a  feries  of  fixed  notes,  eight  tones  in  the 

oftave 
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0(iave  are  infufficicnt,  cither  in  tempered  ot  unterfi- 
pered  melody. 

Fig.  II.  In  a  feries  of  fixed  notes,  any  one  of  them  may 
be  indificrently  made  the  principal,  and  all  the  others  refer- 
red to  it ;  and  thus  a  fcaie  formed  fimilar  to  the  original 
Diatonic,  or  Tempered  fcale.  Now  as  the  order  of  the  in- 
tervals is  difiereut  according  to  the  note  from  which  we 
begin  the  order,  new  notes  muft  be  infcrted,  that  the  due 
intervals  may  be  preierved :  for  example^  foppofe  G  is 
made  the  bafe  note,  then  the  feries  of  notes  from  G  muft  be 
fimilar  to  thofe  from  C ;  in  this  cafe,  E  in  the  key  of  G 
will  be  correfpondent  to  j1  in  the  key  of  C  j  now  from  ^ 
to  B  is  an  entire  tone ;  but  from  Eto  Fis  ah  hemitone ; 
hence  therefore  between  F  and  G  there  muft.  be  inferted  a 
note,  cxprefled  by  the  mark  F^ ,  whofe  diftance  from  E  ma^y  . 
be  an  entire  tone  ^  thus  will  the  interval  between  F  and  G 
be  divided  into  two,  the  interval  between  F  and  F*^ 
being  the  difference  between  a  tone  and  a  hemitone  ^  and  of 
courfe,  the  interval  between  F  and  G  equal  to  a  hemi- 
tone. The  firft  of  thefe.  two  intervals  is  -call*  a  minor 
hemitone :  it  is  thereforif  the  interval  between  two  notes  o£ 
the  fame  name.  In  the  tempered  fyftem,  tliis  interval  is 
equal  to  the  difference  between  a  mean  tone  and  a  limma, 
and.  is  then  called  a  Minor  Limma;  in  the  untempered 
fyftem  it  is  equal  to  the  difFcrence  between  a  tone  minor  and 
a  hemitone,  its  ratio  therefore  is  24 :  25  ;  for  9  ;  19  : :  24  : 
a6  i.  ;  but  this  latter  interval  is  compofed  of  24  :  25, 
a  minor  hemitone  ;  and  25  :  ^6  1  r=  15  :  16^  a  major  he- 
mitone. 

Q^q  2  32.  If 
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32.  If  the  natural  fcale  be  fucceffively  raifed  a 
5**^- ,  there  muft  be  a  fliarp  or  dicfis  added  for  ever^ 

fuch  clevationf. 

Becaufe  if  wc  male  Sr>/,wKict  is  the  5*^'  aWc  f//  in  the 
natural  fcale,  the  key  note,  the  4th.  to  17/,  which  is  jRx,  muft 
be  Iharpcncd,  as  was  flicwn  in  the  laft  article.  For  the  fame 
feafon,  if  we  raife  the  fcale  to  a  5th.  zhorc  fol,  the  4^  afeove 
fol  muft  be  (harpened ;  and  fo  on,  Until  we  return  to  C 
fol,  ut,  to  which  eight  fhatps  would,  by  this  rule,  be  added  ^ 
but  to  (harpen  every  note  in  the  o&ave  maltes  no  alteration 
in  their  diatonic  relation  ;  and  thefefore  fuch  an  addition  of 
fliarps  is  nugatory,  that  is,  the  fcale  remains  ki  its  primitive 
diatonic  ftate. 

It  is  farther  evident,  that  if  wie  would  lower  tie  fcale 
by  one,  two,  or  three  fifths,  &c.  we  muft  take  away  one, 
two,  .or  three  fharps,  &c,  but  to  take  away  a  (harp  is  equi- 
valent to  adding  a  flat ;  therefore  if  the  key  Aote  be  a  fiftfc 
below  C/oIf  ut  major,  one  flat  or  bemol  muft  be  added^ 
and  fe  on  $  whence  the  annexed  table  is  conftru£led,  ex- 
hibiting at  one  view  all  the  fharps  and  flats*  of  every  key, 
major  and  minor. 

33.  The  chromatic  fyftem  is  that  in  which  the 
melcrdy  proceeds  fucceffively  by  minor  and  major 
hemitones. 

As  major  hemitones  only  are  found  in  the  diatonic  fyt 
tern,  fo  the  minor  hemitones  charadlcrife  the  chromatic. 

The  major  hcmitone  arifes  naturally  in  the  diatonic  fyf- 
tem J  the  minor  hcmitone  is  the  introdudlion  of  art,  nor 

of 
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of  nature}  for  the  voice  does  not  naturally  fotm  tWo  notes 
in  faccei&dn  between  which  t&is  interval  fubfifts. 

34.  A  juft  hemitone  is  imprafticable  in  mufic. 

For  fuppofe  the  ratio  of  a  tone  to  be  9  :  8^  that  of  the 
Iwlf  note  tnuft  be  \/^'  v^T"*  or  3  :  2  \/T^,  which 
ate  incommenfurable  quantities.  As  to  the  hemitone  ma- 
jor, it  exceeds  half  a  tone ;  and  a  hemitone  minor  falls 
fliort  of  it.  In  like  manner  a  juft  mean  tone  is  impraftica- 
ble,  for  it  is  half  a  major  third ;  and  therefore  its  ratio  is 
^"Y  ^^  sTa^  or  s/'Jto  z. 

35  In  an  untempcred  chromatic  fyfteni,  if  the 
voice  always  proceeds  by  major  and  minor  hemi* 
tones,  making  all  the  intervals  accurate,  the  oA^ve 
win  be  depreffed  by  three  commas. 

For  we  thus  fubftitute  a  major  and  minor  hemitone,  that 
is,  a  minor  tone,  inftead  of  each  major  tone;  but  there 
are  three  major  tones  in  the  o£kave ;  and  the  difference  be- 
tween a  major  and  minor  tone  is  a  comma« 

^6.  Any  inftrument  which  has  but  twelve  notes 
in  the  oftave  is  imperfed. 

Fig.  12.  For  if  the  diatonic  fcalc  be  raifed  a  fifth,  the 
fourth  above  the  preceding  key  note  muft  be  (harpened  \ 
and  if  it  be  depreffed  a  fifth,  the  fourth  above  the  new 
key  note  muft  be  flattened ;  for  example,  let  F^  which  is 
the  fifth  below  C,  be  made  the  key  note,  then  will  A  in 
the  new  key  be  correfpondent  to  E  in  the  original  key  5  but 
from  -£  to  i^  in  the  primitive  key  is  but  an  hemitone, 
whereas  from  ^  to  ^  is  an  entire  tone  ;  therefore  between 
A  and  B  there  muft  be  inferted  a  tone  denoted  by  B^ 

whofe 
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whofe  diftance  from  A  i»  an  bemitotie  %-  and  confeqncntl j 
its  diftance  from  B .  is  the  diflerence  between  an  entire 
tone  and  an  hemitdne^  that  19^  an  intenral  equal  to  a  dieCs 
or  (harp ;  but  a  diefis,  or  bemol  which  ia  equal  to  it,  is  Icfs 
,  than  half  atones  therefore  the  fame  note  i»  not  the  fliarp 
of  the  preceding  note,  and  the  flat  of  the  fubfequent  one ; 
and  both  are  neceiTary. 

37.  In  every  inftrumCnt  with  fixed  founds,  eve- 
ry equal  tone  (liould  be  divided  into  two  minor 
limmas  with  a  diefis  between  them  ;  and  each  pri- 
mary limma  into  tw.o  dlefeatWith  an  interval  be- 
tween them. 
See  Smitli's  Harnionic5>  Se£l«  8.  Art.  i » 
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OPTICS. 


LECTURE    I. 


1.  Optics  is  that  part  of  Natural  Philofophy 
which  treats  of  the  element  of  light,  and  the  va« 
rious  phaenomena  of  vifion. 

2.  It  is  generally  divided  into  three  parts,  viz.  di- 
optrics, which  treats  of  refraftion ;  catoptrics, 
which  treats  of  refleftion  ;  and  chromatics,  which 
treats  of  the  various  phaenomena  of  colour. 

3.  Many  of  the  ancient  philofophers,  of  whom 
Pythagoras  feems  to  have  been  the  firft,  rightly 

confidered 
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confidered  light  as  a  real  emanation  of  the  proper 
fubftance  of  the  luminous  body.  Others,  on  the 
contrary,  afcribed  vifion  to  the  iffuing  of  the  lu- 
minous particles  from  the  eye  to  the  objedi. 

4.  Amongft  the  moderns  there  have  been  two 
leading  opinions  concerning  the  nature  of  light, 
the  Cariefian  and  the  Newtonian,  The  Cartefians 
are  of  opinion  that  light  confifts  in  the  prcflure  of 
a  fluid,  prefent  at  all  times  and  in  all  places,  but 
which  requires  to  be  fct  in  motion  by  another  body 
properly  qualified  for  that  purpofe,  which  is  called 
luminous.  Newton  maintains,  that  light  confifts 
of  a  vaft  number  of  exceedingly  fmall  particles, 
thrown  off  in  all  direAions  from  the  luminous  body* 

5.  Thefe  particles  are  emitted  in  right  lines  by 
the  .body  from  which  they  proceed. 

6.  Single  particles  of  light,  fucceeding  each 
other  in  a  right  Ime,  conftitute  a  ray  of  light,  con- 
fidered in  a  mathematical  fenfej  but,  phyfically 
fpeaking,  a  ray  is  the  leaft  part  of  light  on  which 
alone  experiments  can  be  made. 

A  flendcr  portion  of  rays  fcparatcd  from  the  reft,  is 
palled  a  Pencil  of  rays. 

Pencils  of  rays  are  either  conical  or  cylindrical ;  the  axis 
of  the  pencil  is  the  fame  with  the  axis  of  the  cone  or  cy*^ 
Ijfidcr.  ' 

A  Radiant  point  is  the  vertex  of  the  cone  ^  and  is  fp  calle«^ 

in 
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fa  a  general  knk,  whether  the  rays  diverge  from,  or  coq^ 
verge  to  it. 

^  7.  The  denfity  of  light,  abftrading  from  any 
obftru<3tion  it  may  meet  with  in  its  progrefs,  dc- 
creafes  in  the  inverfe  duplicate  ratio  of  the  diftancj 
from  the  luminous  body. 

8.  Bodies  that  (hine  with  a  native  light,  ar$ 
brighter  than  opaque  bodies  illuminated  by  them. 

If  a  luminous  body  be  equally  diftant  from  an  opaque 
body  and  from  the  eye^  the  light  received  by  the  pupil  di-* 
rcStly  from  the  lucid  body  is  to  that  which  it  receives  from 
the  opaque  body,  on  fuppofition  that  it  refle£ls  all  the 
light  incident  upon  it,  as  the  hemifphere  whofe  radius  is 
the  diftance  of  the  eye  from  the  opaque,  to  the  real  difc 
or  great  circle  of  the  opaque  body.  Hence,  on  the  fame 
liypothefis,  dayJight  is  to  moon*>light  nearly  as  96000  to  i. 

9.  The  apparent  diameter  of  a  body  is  inv^rfely 
as  its  diftance  from  the  fpcftator's  eye. 

Hence  the  fuperficial  apparent  magnitude  of  an  objcft 
is  inverfely  as  the  fquare  of  the  diftance. 

10.  Whatever  grants  a  paffage  to  light,  as  any 
tranfparenj;  body,  alfo  empty  fpace,  is  called  a  me- 

i  dium. 

I  II.  The  moft  tranfparent  known  medium,  even 
air,  obftruds  the  paflTage  of  light  j  and  this  is  the 
caufe  why  objeds  appear  lefs  bright,  the  farther 
they  are  from  the  fpeftator ;  for  if  none  of  the 
fays  were  flopped  in  their  paffage,  the  magnitude 
Rr  of 
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of  the  pifture  on  the  retina,  and  the  denfity  of 
light  would  v^ry  in  the  fame  ratio  ;  and  therefore 
the  denfity  of  light  on  the  retina,  and  confequent- 
ly  the  luminoufnefs  of  the  objeft,  would  be  inva- 
riable at  all  diflances. 

12.  Diftance  is  chiefly  eftimated  by  this  gradual 
diminution  of  light,  and  by  the  angle  which  a 
body  fubtends  at  the  eye. 

13.  If  the  rays  of  the  fun  be  tranfmitted  through 
a  very  fmall  circular  aperture  into  a  dark  chamber, 
and  received  perpendicularly  on  a  fcreen,  they  wiU 
paint  a  circular  image  of  the  fun,  which  irnagc 
will  increafe  according  to  the  diftance  of  the  fcreen 
from  the  aperture. 

14.  The  diameter  of  this  folar  image  is  to  it$ 
diftance  from  the  aperture,  as  twice  the  tangent  of 
the  fun's  apparent  femi-diameter  to  radius. 

If  the  diftance  of  the  image  frqm  the  aperture  be  eigh- 
teen feet,  the  diameter  of  the  folar  image  will  be  about 
two  inches. 

The  image  formed  by  the  folar  rays  ^hich  flow  through 
a  very  fmall  aperture,  is  tenned,  for  the  fake  of  diftinc- 
tion,  the  correft  image,  being  of  a  given  magnitude  when 
the  diftance  from  the  aperture  is  given,  and  alfo  better  de- 
fined than  when  the  aperture  is  larger. 

15.  If  the  aperture  be  of  a  fenfiblc  magnitude, 
and  of  any  particular  figure,  the  image  will  be 
thus  determined  s  on  the  fcreen  which  receives  the 

folar 
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folar  rays  perpendicularly,  defcribe  a  plane  figure 
fimilar  and  equal  to  the  aperture  :  let  circles  equal 
to  the  correft  image  of  the  fun  at  the  given  dif- ' 
tance  of  the  fcreen  from  the  image,  be  defcribed 
from  centres  coincident  with  the  perimeter  of  this 
figure ;  thefe  circles  will  determine  the  figure  of 
the  image. 

Hence  therefore  the  entire  figure  will  not  be  fimilar  to 
the  aperture,  in  a  geometrical  fenfe,  although  it  will  par- 
take of  the  fame  form,  and  will  approach  more  nearly  to 
that  of  the  aperture,  the  nearer  the  fcreen  is  brought  to 
it :  as  the  fcreen  recedes  from  the  aperture,  the  image  ^p* 
proaches  to  a  circular  form,  with  which  it  ultimately  coin- 
cides, if  the  diftance  be  increafed  ad  infinitum. 

16.  When  the  folar  rays  are  tranfmitted  through 
a  circtolar  aperture  of  a  given  magnitude,  and  are 
received  perpendicularly  on  a  fcreen,  the  image 
will  confift  of  a  bright  central  image,  and  a  penum- 
bral  annulus  of  fainter  light  furrounding  it. 

Let  A  be  the  femi-dlameter  of  the  aperture,  and  5  th^ 
femi-diameter  of  the  corre£b  folar  image  correfponding  to 
the  diftance  between  the  aperture  and  fcreen;  then,  A 
being  greater  than  S^  the  femi-diameter  of  the  central  image 
will  be  A — S ;  and  if  the  diftance  from  the  aperture  be 
given^  the  femi-diameter  of  the  bright  central  image  will 
increafe  ad  infinitum,  while  the  aperture  is  indefinitely  in- 
creafed :  if  the  aperture  be  diminiihed,  the  femi-diameter 
of  the  bright  central  image  will  decreafe  till  A  becopics 
R  r  2  equal 
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equal  to  S,  in  irirhich  cafe  the  bright  emttii  imagb  va^ 
nifhes  i  and  if  it  be  ftiU  farther  diminiflied  ad  infinitum, 
the  bright  central  ima^c  will  increafe^  until  its  fen^-diame- 
ter  becomes  ultimately  equal  to  that  of  the  corred  ims^. 

17.  The  hypothcfis  of  the  materiality  of  light, 
or  of  it&  confifling  of  extremely  fmall  particles 
emitted  from  luminous  bodies,  feems  to  be  fuffi- 
cicntly  proved  by  the  phaenom^na  of  the  Bolognian 
ftone  J  by  thoTc  experiments  which  demonftfatc, 
that  the  colour  and  inward  texture  of  fame  bodies 
are  changed  in  confequence  of  their  expofure  to 
light ;  and  by  its  finite  velocity. 

18.  The  finite  velocity  of  light  was  firftdifco- 
vered  by  Roemer,  from  obfervations  of  the  eclipfes 
of  Juplter^s  fatellites ;  and  he  (hewed^  that  light 
takes  up  about  eight  minutes  in  traverftng  the  femi- 
diameter  of  the  earth's  orbit. 

19.  The  fucceflive  propagation  of  light  is  alfo 
farther  eftabli(hed  by  the  aberration  of  the  fixed 
ftars. 

Thie  aberration  is  proved  to  arifc  from  the  progreflivc 
motion  of  light  compounded  widi  the  annual  motion  of  die 
earth  in  it»  orbit ;  from  which  compofition  of  motion  Mr^ 
Bradley  demonftrated^  that  the  fixed  ftars  ^ould  appear  to 
defcribe  oUipfes^  of  various  magnitudes,  according  to  dieir 
declination,  whofe  centres  would  lie  in  the  true  places  of 
the  ftars.     And  if  the  velocity  of  ftar  light  be  fuppofed 

equrf 
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equal  to  that  of  dired  folar  light,  the  magnitudes  of  thofe 
ellipfes  will  exafUy  correfpond  with  phaniomena.  , 

20.  The  two  principal   objeftions  to  the  mate-  ' 

riality  of  light  are,  i.  that  as  rays  of  light  would  on 
this  hypothefis,    continually  pafs  in  every  direc-  » 

tion  from  every  vifible  point,  they  muft  neceffarily 
interfere  with  each  other  in   fuch  a  manner  as  to  ^ 

deftroy  the  diltind  perception  of  objefts.     2.  By  i 

the  conftant  emiffion  of  luminous  particles,  the  fun  v 

and  ftars  niuft  have  been  greatly  diminifhed  fince  , 

their  firft  creation  -,  and  the  mafs  of  the  earth  and 
planets  fenfibly  encreafed. 

21.  The  firft  objeftion  is  folved  by  thii  confider- 

ation,  that  the  action  of  light  produces  on  the  eye 

an  efFeft  that  is  not  inftantancous,  and  therefore  it 

may  excite  a  conftant  fenfation^  notwithftanding 

an  interval  of  many  miles  exilts  between  the  im-i 

mediately  confccutive  particles  ;  and  confequently 

abundant  room  may  be  aflfbrded  for  other  rays  to 

pafs  Undifturbed  in  all  diredions  :  the  fecond  objec^^ 

rion  is  folved  by  the  exceffive  minutenefs  of  the 

particles  of  light. 


LECTURE 
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LECTURE    IL 


I.  Catoptrics  is  that  part  of  optics  which 

treats  of  the  refleftion  of  light,  and  the   various 
phaenomena  depending  on  it. 

Reflexibility  is  the  difpofition  of  the  rays  to  be  turned 
back  into  the  medium  from  whence  they  came ;  and  the 
change  of  motion,  which  the  ray  undergoes  in  this  cafe,  is 
called  Refle£tion. 

The  angles  which  the  incident  and  refle£led  rays  contain 
with  the  perpendicular  to  the  refle£tii;ig  furface  at  the  |>oint 
of  incidence  are,  called  the  angles  of  Incidence  and  Reflec- 
tbn.  Any  fmooth  furface  reflecting  light  is  called  a  fpecu- 
lum,  and  is  either  plane,  convex,  or  concaye. 

A  line  drawn  through  the  centres  of  the  fphere  and  of  the 
leflTer  circle  which  terminates  a  fpherical  fpcculum  is  called 
the  Axis. 

2.  The 
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2.  The  incident  and  refledted  rays  are  in  the  , 
fame  plane ;  and  the  angles  of  incidence  and  reflec-  , 
tion  are  ^quah                   ^                                                                        ^ 

3.  Any  error  in  the  figure  or  pofition  of  a  fpe- 
culum  produces  a  double  error  in  the  efied- 

4.  Parallel  rays  falling  on  a  refleding  plane  are 

reflefted  parallel,  I 

Parallel  rays  are  fuch  as   proceed  equally  diftdnt  from 
each  other  through  all  their  courfe.     Rays  proceeding  from 

any  point,  and  as  they  proceed,  receding  farther  afunder,  are  ^ 

called  Diverging,  and  fuch  as  tend  towards  a  certain  point  * 

at  which  they  would  at  laft  unite,  if  not  prevented,  arc 
called  G)nverging  rays.  1 

5.  If  rays  diverging  from  a  radiant  point  fall  on 
a  plane  fpeculum,  the  focus  of  the  reflefted  rays 
will  be  in  the  perpendicular  let  fall  from  the  radiant 
point  on  the  refleding  furface,  and  as  far  behind  it 
as  the  radiant  is  before  it. 

The  focus  is  that  point  from  which  rays  diverge,  or  to- 
wards which  they  converge.  The  point  from  which  rays 
feem  to  diverge,  when  in  reality  they  diverge  from  another^ 
is  called  a  Virtual  focus.  The  focus  before  reflexion  is 
called  the  focus  of  incident  rays ;  and  the  focus  after  re- 
flexion is  called  the  focus  of  reflefted  rays;  and  both  toge- 
ther are  called  conjugate  foci,  which  of  confequence  are 
two  fuch  points,  that  either  of  them  being  the  radiant 
point  or  focus  of  incident  rays,  the  other  will  be  the  focus 
of  reflefted  rays. 

6.  If 
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6.  If  a  radiant  objedl  be  parallel  to  a  plane  fpe- 
culum,  the  image  formed  by  refledion  will  be 
likewife  parallel  to  it,  but  tranfpofed  ;  of  the  fame 
fize  with -the  objed  ;  and  at  the  fame  diftance  be- 
binci  the  fpeculum,  that. the  objed  is  before  it. 

7.  If  a  perlbn  view  himfelf  in  a  plane  fpecu- 
lum placed  upright,  he  will  fee  his  image  complete 
in  a  part  of  the  fpeculum,  whofe  length  and  breadth 
is  equal  to  half  the  length  and  breadth  of  the  cor- 
refponding  parts  of  his  own  body. 

8.  If  a  radiant  objed  be  at  right  angles  with  a 
plane  fpeculum,  which  is  parallel  to  the  horizon, 
the  image  will  be  perpendicular  to  the  horizon,  but 
inverted. 

9.  If  a  plane  fpeculum  be  inclined  to  the  hori- 
jcon  in  an  angle  of  45^  with  its  face  downwards, 
the  image  of  a  vertical  objed  will  be  horizontal; 
and  the  irnage  of  an  horizontal  objed  will  be  ver- 
tical, 

10.  If  two  plane  fpeculums  be  inclined  to  each 
other  in  any  given  angle  which  is  an  alfquot  part 
pf  360°,  the  images  of  the  fedor  contained  by  the 
fpeculums  will  be  all  concentric ;  and  the  number 
pf  thefe  images  will  be  fuch,  as  will  exadly  com- 
plete the  circle  j  and  therefore  if  an  objed  be 
placed  between  the  fpeculums,  the  number  of 
images  will  be  equal  to  the  nuniber  of  fedors  ne- 

ceffary 
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ceflary  to  complete  the  circle ;  and  they  will  appear 
to  ftand  round  in  the  circumference  of  a  circle, 
whofe  .centra  is  the  ppint  in  yhich  the  fpeculum§ 
concun 

li.  If  a  pencil  of  parallel  rays  be  incident  on  a 
convex  fpherical  fpeculum,  they  will  be  reflefted 
diverging ;  and  thje  focus  of  the  refleded  rays  will 
bifcft  the  radius  which  is  parallel  to  the  incident 
rays,  and  be  virtual. 

The  focus  pf  parallel  ray$  is  called  the  principal  focus  i 
^nd  its  diftance  from  the  fpeculum  is  called  the  focal 
length  of  the  fpeculum, 

12.  If  the  point  of  incidence  of  parallel  rays 
be  at  a  fenfible  diftance  from  the  vertex  of  the 
fpeculum,  the  reflefted  ray  will  interfeft  the  axi^ 
in  a  point  between  the  principal  focus  and  the  ver- 
tex, or  middle  point  of  the  fpeculum. 

The  interval  between  that  point  and  the  principal  focus 
is  called  the  longitudinal  aberration ;  and  the  diameter  of 
the  leait  circle  into  which  all  the  rays  can  be  ^ollefled,  is 
called  the  lateral  aberration. 

13.  If  the  convex  fpeculum  be  a  paraboloid, 
the  rays  will  be  reflefted  fj*ofti  the  focus  without 
any  aberration. 

14.  When  diverging  rays  are  incident  on  a  con- 
vex fpeculum,  they  are  reflefted  from  a  virtual 
focus,  which  is  found  by  dividing  the  radius  of  the 

S  s  ^  fpeculym 
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fpeculum  into  two  parts,  having  the  fame  ratio  to 
each  other,  which  the  diftance  of  the  radiant  point 
from  the  centre  has  to  its  diftance  from  the  farfacc 
of  the  fpeculum. 

15.  If  the  breadth  of  the  fpeculum  be  confidera- 
ble,  the  rays  diverging  from  the  fame  point  will 
not  be  refle6led  from  the  fame  virtual  focus  in 
the  axis ;  thofe  rays  whofe  points  of  irifcidience  arc 
more  remote  .from  the  vertex  of  the  fpecutu^i, 
meeting  the  axis  in  a  point  which  is  rieiirer  to  the 
fpeculum. 

16.  If  the  incident  rays  diverge  from  one  focus 
of  an  hyperboloid  they  will  be  reflefted  from  the 
other  without  any  aberration,  and  the  focus  will 
be  virtual. 

17.  If  a  radiant  objeft  be  placed  before  a  con- 
vex fpeculum,  I.  'the  image  will  appear  behind 
the  fpeculum.  2.  It  will  appear  ereft.  3.  It  will  be 
lefs  than  the  objeft.  4.  As  the  objeft  approaches 
the  fpeculum,  the  image  will  likewife  approach 
the  fpeculum  j  and  increafe,  till  at  length,  when  the 
objeft  touches  tlie  fpeculum,  the  objed  and  image 

.will  meet,  and   be  equal.     5.  The  image  will  be 
convex  towards  the  objedt. 


LECTURE 
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LECTURE^  III. 


I.IF  a  peneil  of  parallel  rays  fall  on  a  fpherical 
concave  fpcculum,  they  will  be  reflefted  converg- 
ing; and  the  focus  of  the  reflected  rays  will  bifeft 
the  radius  that  is  parallel  to  the  incident  rays,  and 
be  real. 

2.  If  the  breadth  of  the  fpeculum  be  confidera- 
ble,  the 'parallel  rays  will  not  be  reflefted  to  the 
fame .  mathematical  point,  but  will  be  diiFufed 
through  a  little  circle,  which  is  called  the  circle  of 

.^aberxation  ^  thofe  rays  whofe  points  of  incidence  are 
farther  from  the  vertex,  meeting  the  axis  in  a 
point  which  is  nearer  to  the  fpeculum. 

3.  If  the  fpeculum  be  a  paraboloid,  the  rays 
will  be  refleded  into  the  focus  without  any  aberra* 

.lior 
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4,  If  rays  diverging  from  an  objedt  beyond  the 
centre,  fall  on  a  fpberical  concave  fpeculum,  they 
will  be  reflected  to  a  real  focus  in  the  axis  of  the 
fpeculum,  which  divides  its  radius  into  twa  parts, 
having  the  fame  ratio  to  each  other  which  the  dif- 
tance  of  the  radiant  point  from  the  centre  has  to 
its  diftance  from  the  vertex  of  tlie  fpeculum. 

5,  If  the  breadth  of  the  fpeculum  be  confider- 
able,  the  rays  diverging  from  the  fame  point  will 
not  be  refledled  to  the  fame  mathematical  focus  in 
the  axis,  thofe  rays  whofe  points  of  incidence  arc 
more  remote  from  the  vertex,  meeting  the  axis  in  a 
point  which  is  nearer  to  the  fpeculum^ 

Hence  both  in  this  cafe,  and  where  the  incident  rays  arc 
parallel,  all  the  refleded  rays  will  interfed  each  other  be- 
tween the  points  of  incidence  and  the  axis;  and  fince  the 
denfity  of  the  tays  will  be  greater  near  the  interfe&ions  of 
the  contiguous  pencils,  there  will  be  formed  a  luminous  cunre 
by  this  feries  of  interfe£lions,  which  is  called  a  Cauffic.  If 
from  the  radiant  there  be  drawn  two  tangents  to  the  fe^ion 
of  the  fpeculum  made  through  the  axis,  thefe  rays  will  not 
be  reflefted  ;  therefore  the  Gauftic  will  be  a  curve  of  con- 
trary flexure,  whofe  cufpis  is  the  geometrical  focus,  and  the 
extremities  of  ths  branches  are  the  points  of  conta^ 

6,  If  the  incident  rays  diverge  from  one  focus  of 
an  ellipfoid,  they  will  be  reflefted  to  the  other  fo- 
cus without  aberration  -,  and  the  focus  will  be  real. 

7.  K 
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7*  If  rays  diverging  from  a  radistiit  placed  in  the 
centre,  fall  on  a  concave  fpherical  fpeculum,  the 
focus  will  coincide  with  the  centre,  and  the  iniagc 
with  the  objeft, 

8.  If  the  radiant  be  placed  between  the  centre 
and  the  principal  focus,  the  image  will  be  formed 
at  the  other  fide  of  the  centre  ;  and  the  diflancc 
of  the  radiant  from  the  fpeculum  will  be  to  its 
diflance  from  the  centre,  as  the  diflance  of  the  focus 
from  the  fpeculum  to  its  diftance  from  the  centre. 

9*  If  the  radiant  be  placed  in  the  principal  focus, 
the  rays  will  be  refledted  parallel. 

10.  If  the  radiant  be  placed  between  the  principal 
focus  and  the  fpeciilum,  the  rays  will  be  refleded 
diverging  from  an  imaginafy  focus  behind  the  fpe- 
culum ',  and  the  pofitiori  of  the  focus  will  be  de- 
termined in  the  fame  manner  as  before. 

1 1.  The  foci  of  incident  and  reflected  rays  are  al- 
ways on  the  fame  fide  of  the  principal  focus,  but  on 
different  fides  of  either  the  centre  or  furface. 

If  the  focus  of  incictent  rays  be  moved  along  the  axis  of 
the  fpeculum,  the  focus  of  reflefted  rays  will  move  in  the 
oppofite,  dire£lion ;  and  the  foci  will  meet  at  the  furface  and 
centre. 

12.  If  the  focus  of  incident  rays  be  moved,  its  ve- 
locity will  be  to  the  velocity  of  the  focus  of  reflefted 
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wys,  35  the  ftpjare  of  the  diftance.bctweQH  .the  prin- 
cipal focus  and  the  focus  of  incidence  to  the  fquare 
of  half  the  radius- 

13.  The  image  is  inverted  or  ereft  with  refpea 
to  the  objefl;,  according  as  they  are  -^t  different 
fides,  or  on  the  fame  fide  of  the  centre  ofthefpc- 
culum. 

14.  The  magnitudes  of  the  image  and  objeft  ar? 
to  each  other  as  their  diftances  from  the  ceqtre  of 
the  fpeculum  ;  or  as  their  diftances  from  the  fpe- 
culum  ;  or  as  the  principal  focal  length  to  the  dif- 
tance  of  the  image  from  the  principal  focus. 

Hence  if  the  objeft  be  beyond  the  centre,  it  will  be  larger 
than  the  image,  becaufe  farther  from  the  fpeculum.  As 
the  objeft  approaches  the  q^ntre,  fo  does  the  image  ;  confe- 
quently  they  approach  to  equality,  and  in  the  centre  they 
coincide.  If  the  obje£t  be  between  the  principal  focus  and 
centre,  the  image  will  be  at  the  other  fide  of  the  centre,  and 
therefore  greater,  as  being  farther  from  the  fpeculum.  If 
the  objeft  be  between  the  principal  focus  and  the  fpeculum, 
the  image  will  be  behind  the  fpeculum,  and  therefore  greater 
than  the  obje£l,  becaufe  farther  from  the  centre. 

15.  A  redtilineal  objeft  placed  upright  between  a 
concave  fpeculum  and  its  principal  focus,  will  ap- 
pear concave. 

16.  The  brightnefs  of  the  image  formed  by  a 
concave  fpeculum  is  as  the  area  of  the  fpeculum  di- 
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reftly,  and  the  fquarc  of  the  diftance  of  the  image 
from  the  fpeculum  reciprocally. 

17.  The  degrees  of  heat  generated  in  the  foci  of 
different  fpeculum s  when  expofed  to  the  fun's 
rays,  are  as  their  areas  diredtly,  and  inverfely  as  the 
fquares  of  their  focal  lengths. 

18.  The  hear  generaited  in  the  focus  of  a  fpecu- 
lum is  to  the  fun's  direft  heat,  as  the  area  of  the 
fpeculum  to  the  area  of  the  image. 


LECTURK 
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L  E  C  T  V  R  E    IV, 


I.  Dioptrics  is  that  part  of  optics  which 
treats  of  the  refraftion  of  light,  and  the  various 
phaenomena  which  refult  from  it. 

2.  When  light  moves  through  an  homogeneous 
medium,  it  preferves  a  continued  reftilineal  courfc; 
but  in  pafling  froni  one  medium  to  another  of 
different  denfity,  it  deviates  from  its  former  courfei 
this  change  of  direftion  is  called  refraftion. 

3,  The  lines  which  a  ray  defcribes  before  and 
after  it  enters  the  refrafting  medium  are  called  the 
incident  and  refradled  rays ;  the  angle  contained 
between  the  incident  ray  and  a  perpendicular  to 
the  furface  drawn  from  the  point  whereon  the  ray 
falls,  is  called  the  angle  of  incidence ;  the  angle 
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contained  between  the  refra&ed  ray,  and  the  per- 
pendicular above  mentioned  is  called  the  angle  of 
refraAion. 

The  difference  of  the  angles  of  incidence  and  refra£lion 
is  the  angle  by  which  the  ray  deviates  from  its  original  di- 
re£lion,  and  is  called  the  Refra£led  angle,  or  the  angle  of 
deviation* 

4.  When  a  ray  falls  obliquely  on  the  furface 
of  a  denfer  medium,  it  is  refrafted  towards  the 
perpendicular ;  a  ray  falling  obliquely  on  the  fur- 
£ace  of  a  rarer  medium,  and  pafling  into  it,  is  re- 
fra<5ted  from  the  perpendicular ;  a  ray  falling  per- 
pendicularly on  any  refrading  furface,  is  not 
turned  out  of  its  courfc,  but  proceeds  in  the  fame 
direflion  with  the  incident  ray. 

5.  In  all  refraftions  between  the  fame  given  me- 
diums, the  fines  of  the  angles  of  incidence  and  re- 
fraftion  are  to  each  other  in  a  given  ratio 

If  a  ray  of  light  be  refra£led  out  of  air  into  glafs,  the 
fine  of  incidence  is  to  the  fine  of  refraftion  as  thirty-one 
to  twenty,  or  as  three  to  two  nearly ;  out  of  air  into  water 
as  four  to  three.  Hence  the  fine  of  incidence  is  to  the 
fine  of  refradion,  when  a  ray  paffes  out  of  water  into 
glafs,  as  1  to  i.Oj   or  as  93  to  80. 

6.  Parallel  rays  falling  on  a  refrading  plane  fur- 
face are  refrafted  parallel. 

7.  If  parallel  rays  pafs  through  a  denfer  me- 
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dium  terminated  by  two  pkne  furfaces  inclined  to- 
wards each  other  in  a  very  fmall  angle^  and  the  an- 
gle  of  incidence  be  alfo  very  fmall,  the  angle  of 
deviation  contained  by  the  incident  and  emergent 
rays  will  be  to  the  refrafting  angle  contained  by 
the  planes,  as  the  difference  between  the  fines  of 
incidence  and  refradtion  at  the  firft  furfacc  to  the 
line  of  refraction. 

Fig.  I.  2.  Let  ^A  be  fhc  incident  fay,  CS  the  emei^ent 
fay,  and  let  the  perpendicular  AB  to  the  firft  furface  ^I 
crofs  CD^  the  perpendicular  to  the  fecond,  in  E ;  and  {up-> 
pofing  the  ray  AC  to  go  both  ways  out  of  the  prifm^  the 
angle  of  incidence  ACD  :  angle  of  emergence  DCT,  in 
the  given  ratio  of  incidence  to  refradlion, :  :  i :  r ;  and  dif- 
jointly,  ACD  :  ACT  iiiir-'ii  and  CAB ;  CAR  in  the 
fame  ratio,  fuppofing  the  ray  to  go  backward  ;  and  conjoint- 
ly or  disjointly,  ACD  ±  CAB  is  to  ACT  ±  CAR,  diat  is, 
B£C  or  AIC  is  to  RFS^  in  the  fame  given  ratio  of  r  to  r-  /• 

Hence  the  deviation  is  proportional  to  the  refrad^ing  an- 
gle, and  is  invariable  in  all  pofitions  of  the  ray  y  and  when 
the  ray  within  the  prifm  coincides  with  a  perpendicular  to 
either  of  the  furfaces,  one  of  the  refrafbions  wilt  vanifh,  and 
the  deviation  caufed  by  the  other  fingle  refra£{iori  will  con- 
tinue the  fame  in  quantity  as  before,  when  it  was  made  by 
two  refraftions.  Alfo  any  two  emergent  rays  produced 
w'ill  be  inclined  to  one  another  in  the  fame  angle,  as  the  two 
incident  rays  are  inclined  to  one  another. 

8.  If  three  homogeneous  rays,,  making  with 
each  other  equal  angles,  be  refraded  at  a  common 
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point  of  incidence  froth  a  denfer  into  a  rarer  me- 
dium, thefum  of  the  angles  of  refraftion  of  the 
extreme  rays  will  be  greater  than  twice  the  angle 
of  refradion  of  the  mean  ray. 

Fig.  3.  Let  the  three  arches  ab^  ag,  ad  be  in  arithme-r 
ticaj  proportion;  and  bl,  gl,  dl  three  homogeneous  rays, 
paffing  out  of  a  denfer  into  a  rarer  medium,  and  refrafted 
at  /  in  the  lines  IS,  /G,  ID  5  draw  the  fines  of  incidence 
bn^  go^  dp,  and  the  correfponding  fines  of  refraction  BN, 
GO,  DP.  Now  it  is  known  that  fmal]  arches  arc  as  their 
fines,  and  the  increments  of  the  arches  as  the  increments 
of  the  fines  \  but  a^  the  arches  increafe,  the  increment  of 
the  arch  has  a  greater  ratio  to  the  increment  of  the  fine,  an(l 
ftill  greater  a3  the  arch  is  larger.  Therefore  the  fines  of 
refradion  DP,  GO,  BN  and  their  increments  have  the  fi^me 
proportion  amongft  each  other  as  the  fines  of  incidence 
dp,  go,  bn  and  their  increments ;  and  fince  the  arches  AD, 
AG,  AB  are  larger  than  the  arches  ad,  ag,  ab,  it  follows, 
that  the  ratio  of  the  arch  DG  to  GB  is  greater  than  the 
ratio  of  dg  to  gb ;  but  dg  and  gb  are  equal ;  therefore  DG 
is  greater  than  GB  \  and  confequently  the  fum  of  the  re- 
fradkions  AB  »nd  AD  is  greater  than  twice  the  refradion 
AG  into  the  rarer  medium^ 

9.  If  homogeneous  rays  be  r^frafted  by  a  prifm, 
the  angle  which  the  incident  and  emergent  rays 
contain  is  then  greateft,  when  the  refradions  on 
both  fides  theprifm  are  equal. 

Fig.  4.  Let  the  ray  PS,  parallel  to  the  bafe  of  the  prjfm, 
be  refraded  into  the  lines  PM,  SN,  making  the  angles 
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APM^  JSi^  equal.  Alfo  let  the  oblique  ray  P^  be  re- 
fraftcd  into  P// and  ^i  j  from  P  and  ^  crcft  the  per- 
pcndiculars  PF,  ^^  to  the  fides  of  the  prifm,  and  through 
^draw  ^R  parallel  to  the  bafe  of  the  prifm;  fincc  the 
angle  ^PS  =  it8  alternate  P^JS,  and  VPS  =  V^R,  the 
three  angles  of  incidence  VP^  VPS,  F^P  are  in  arith- 
metical proportion ;  therefore  the  fum  of  the  refradlions 
of  the  oblique  ray,  out  of  the  prifm  into  air,  is  greater 
than  tvice  the  refraftion  of  the  ray  PS  into  the  air  at 
P,  or  .than  the  fum  of  the  equal  refra£lion$  of  the  ray 
PS  at  P  and  S.  And  therefore  if  the  rays  HP,  L^  be 
produced  till  they  meet  in  E,  and  MP,  NS  till  they 
meet  in  P,  the  angle  H£L  will  be  lefs  than  the  angle 
MFN. 

10.  When  diverging  rays  fall  nearly  perpendi- 
cular on  a  refrafting  plane  furface,  the  focus  after 
^refradion  is  thus  found  :  from  the  radiant  point  let 
fall  a  perpendicular  on  the  refrafting  furface,  and 
^s  the  fine  of  the  angle  of  refraftion  is  to  the  fine 
pf  the  angle  of  incidence,  fo  let  the  perpendicular 
diftance  of  the  radiant  from  the  furface  be  to  the 
diftancc  of  a  point  in  that  perpendicular,  ancj  on 
the  fame  fide,  from  the  furface ;  this  point  will  be 
the  focus  required. 

11.  An  objcdt  being  immerfed  in  water^  appears 
nearer  to  the  eye  than  it  really  is  by  one-fourth  of 
its  depth  from  the  furface  of  the  water. 

12.  A  ray  of  light  cannot  pafs  out  of  a  denfer 
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into  a  rarer  medium,  if  the  angle  of  incidence  ex- 
ceed a  certain  limit. 

This  limit  is  the  angle  of  which  the  fine  is  to  radius, 
as  the  fine  of  incidence  is  to  the  fine  of  refradion  out 
of  die  denfer  medium  into  the  rarer.  Thus,  a  ray  of 
light  will  not  pafs  out  of  water  into  air,  if  the  angle  of 
incidence  exceed  48^  16',  the  fine  of  which  is  to  radius 
as  3  to  4 ;  nor  out  of  glafs  into  air,  if  the  angle  of  inci- 
dence exceed  40^  11',  the  fine  of  which  is  to  radius  as 
20  to  31 ;  nor  out  of  glafs  into  water,  if  the  angle  exceed 
about  59*>  ao'* 

13.  If  the  angles  of  incidence  and  refradionbc 
fo  finall  as  to  be  reckoned  proportional  to  their 
fines ;  and  the  angle  of  incidence,  when  light  pafTes 
from  air  into  glafs,  be  increafed  or  diminifhed  by 
any  quantity,  the  refrafted  angle,  or  angle  of  de- 
viation, will  be  increafed  or  diminifhed  by  one-third 
of  that  augmentation  or  diminution  ;  and  by  one- 
half  of  the  fame,  if  the  emergence  be  from  glafs 
into  air* 

14.  When  diverging  rays  fall  on  a  denfer  me- 
dium terminated  by  two  plane  and  parallel  fur- 
faces,  the  focus  of  the  refrafted  rays  will  be  be- 
tween the  medium  and  the  radiant  point ;  and  the 
diftance  between  the  conjugate  foci  will  be  to  the 
thicknefs  of  the  medium,  as  the  difference  between 
the  fines  of  incidence  and  refradtion  at  the  firft  fur- 
face  to  the  fine  of  incidence. 
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Fig.  5.  Let  ^DE  be  perpendicular  to  the  parallel  fur- 
faces  ADf  CE'y  ^A  the  incident  ray,  not  very  remote 
from  the  axis  ^  \  in  D^  produced  take  R  fo  that  D^ 
:  DR  : :  r :  /,  R  will  be  the  focus  of  the  rcfraflcd  ray  AC\ 
and  if  i^bc  taken  fo  that  RE.FEwi.r^F^fnXLhc  the 
focus  of  the  emergent  ray  CB  \  therefore  fince  RE  :  FE 
t :  t  :r,  we  have  RF\RE\\  i—r  :  i;  alfo  jR^:  RD  : : 
,• — r  :  i  i  therefore  ^jF  s  D-ff  :  :  1 — r  :  L  And  Gncc  -^C 
approaches  the  perpendicular,  it  is  evident,  that  SC  pro- 
duced will  meet  ^E  between  ^  and  D. 

When  the  rcfrafting  medium  is  glafs,  the  interval  be* 
tween  the  conjugate  foci  is  j  of  the  thicknefs  of  the  me- 
5iium» 

If  the  thicknefs  of  the  glafs  be  a  given  qus^tity,  fo  will 
the  interval  between  the  conjugate  foci;  and  therefore  if 
the  objefl  and  the  glafs  be  given  in  pofition,  the  farther  the 
eye  from  the  objeft,  the  Icfs  will  be  the  apparent  diflor 
cation ;  or  if  the  pofition  of  the  eye  and  glafs  be  given, 
the  diflocation  will  be  lefs,  the  more  remot^  the  objed. 

15,  Having  the  focus  of  incident  rays  upon  a 
medium  terminated  by  two  plane  fyrfaccs,  inclined 
to  each  other  in  a  given  angle,  the  focus  of  the 
emergent  rays  is  thus  found :  from  the  radiant  let 
fall  a  perpendicular  on  the  firft  furfacc,  and  in  it 
find  the  focus  of  rays  refrafted  at  that  furface; 
from  which  let  fall  a  perpendicular  on  the  fecond 
furface,  and  as  the  perpendicular  diftance  of  this 
focus  from  the  firft  furface  is  to  the  diftance  of 
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lie  radiant  from  the  fame,  fo  let  the  diflance  oi 
he  focus  of  rays,  refracted  at  the  firft  furface,  from 
:he  fecond  be  to  a  fourth  proportional,  which,  taken 
in  the  perpendicular  to  the  fecond  furface  and  to- 
wards it,  will  give  the  focus  required. 

Fig-  6.  Let  ^  be  the  focus  of  incident  rays  ^J,  ^  5 
on  the  fide  of  the  prifm  Z^,  produced  if  neceiTary,  let  fall 
the  perpendicular  ^G,  and  in  ^G  take  the  point  R  fo  that 
G^:  GR  : :  r :  1 ;  then  will  R  be  the  geometrical  focus  of 
the  pencil  of  rcfra£led  rays  jiC,  BD  within  the  prifm. 
Again,  in  the  perpendicular  RH  to  the  fide  C/,  produced 
if  neceffary,  take  the  point  F  fo  that  RH :  FH : :  /  :  r, 
and  F  will  be  the  focus  of  the  emergent  pencil. 

Becaufe  R^i  RGiiRF:  RH,  ^F is  parallel  to  Gi/; 
therefore  ^  :  GH ::  R^:  RG,  that  is,  in  a  given  ratio ; 
hence  fincc  GH  increafes  while  GR  increafes,  the  interval 
between  the  conjugate  foci  wiU  be  greater,  when  the  perpen- 
dicular diftance  of  the  radiant  point  from  the  firft  furface  is 
greater ;  and  therefore  if  the  pofition  of  tlie  eye  and  ob- 
jcfk  be  given,  the  apparent  diflocation  of  the  object  will 
be  greater,  when  the  prifm  is  farther  from  the  objeft,  or 
nearer  to  tlie  eye. 


LECTURE 
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LECTURE    V. 


i«  IF  parallel  rays  fall  upon  a  refracting  fpherical 
furface,  near  the  vertex,  one  of  which  pafles  through 
the  centre*  the  focus  is  thus  found  :  from  the  point 
of  incidence  of  any  ray  draw-  a  right  line  meeting 
the  central  ray,  and  let  the  length  of  this  right 
line  be  to  the  fegment  of  the  central  line  intercep- 
ted between  it  and  the  centre,  as  the  fine  of  inci- 
dence to  the  fine  of  refraction,  and  the  interfec- 
tion  of  this  right  line  with  the  central  line  will  be 
the  focus  required. 

2.  If  the  refracting  furface  be  very  fmall,  the 
focus  is  thus  found  :  as  the  fine  of  incidence  is  to 
the  fine  of  refraction,  fo  is  the  diftance  between 
the  focus  and  furface  to  the  diftance  between  the 
focus  and  centre. 

Hence 
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Hence  the  principal  focus  of  a  convex  fpherical  furface 
of  glafs  is  diftant  from  the  vertex  nearly  three  times  the 
radius :  for  in  this  cafe>  the  diftance  between  the  vertex 
and  focus  is  to  the  difference  between  that  diftance  and 
the  interval  between  the  centre  and  focus,  that  is,  to  the 
radius  of  the  furface,  as  the  fine  of  incidence  to  the  dif- 
ference between  the  fines  of  incidence  and  refraftipn,  or 
as  3  to  I. 

If  the  reflation  be  JFrom  glafs  into  air,  the  diftance  of  the 
principal  focus  from  the  fpherical  furface  will  be  double  the 
radius ;  becaufe  the  fine  of  incidence  is  to  the  fine  of  refrac* 
tion  as  2  to  3,  and  to  their  difference  as  2  to  i. 

The  principal  focus  of  a  fpherical  convex  furface  of  wa- 
ter is  diftant  from  the  furface  four  times  the  radius ;  and  if 
the  refradion  be  made  from  water  into  air,  it  will  be  dif« 
tant  three  times  the  radius. 

3.  When  it  is  laid,  that  the  focus  of  a  fpherical 
refracting  furface  is  found  in  the  manner  laft  de- 
fcribed,  it  is  to  be  interpreted  phyfically,  not  mathe* 
matically  ;  for  no  ray,  in  truth,  pafles  through  the 
point  fo  determined,  except  that  which  coincides 
with  the  axis  of  the  furface  ;  thofe  rays  which  fall 
on  the  furface  nearer  to  the  vertex  having  their  foci 
farther  from  it. 

Fig»  7,  Let  AV  be.  a  fpherical  furface,  RV  one  of  the  pa^ 
rallel  rays  paifing  through  C  the  centre }  if  ^  be  the  point  of 
incidence  of  any  ray,  falling  on  the  convex  furface  of  a  den- 
fer  medium  \  from  A  draw  AF  meeting  RV  produced  in 
Fi  fo  that  AF  may  be  to  CF^  as  the  fine  of  incidence  to  the 
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fine  of  Tefra£lion,  and  F  will  be  its, focus.  Let  RB  be  an- 
other ray,  more  remote  f rom.the  vertex  Vi  this  ray  cannot  be 
refra£ked  to  Fy  bccaufe  -BjFIs  lefs  than  AF^  3  El.  7.  and 
Acrefore  the  ratio  oiBFto  C-Fislcfs  than  the  ratio  of  ^^  to 
CFy  whereas  the  refracted  ray  is  always  to  the  diftance  of  its 
focus  from  the  centre  in  the  fame  ratio  ;  neither  can  it  be 
refrafted  to  any  point  G  beyond  -F,becaufe  the  angle  RBFy 
and  therefore  BFG  is  obtufe ;  and  confequently  BG  greater 
than  BF\  but  ^-Fand  FG  are  greater  than  BG\  take  Bm 
=  BFi  then  FG  is  greater  tlian  mG  •,  therefore  the  ratio  of 
BG  to  GC  is  lefs  than  the  ratio  of  BF  to  FC^  that  is,  a  for- 
tiori, than  the  ratio  of  AF  to  FC ;  therefore  the  refradedray 
mud  meet  the  axis  fomewhere  between  F  and  C,  as  at  ^; 
that  is,  the  farther  the  point  of  incidence  from  the  vertex, 
the  nearer  is  the  focus  to  the  vertex  of  the  furface. 

Fig.  8.  liRB  fall  on  the  concave  furface  of  a  rarer  me- 
dium, and  F  be  the  focus  of  RA^  RB  cannot  be  refrafted  to 
Fi  becaufe  BF  is  greater  than  AF  ;  therefore  BF\s  to  CF 
in  a  greater  ratio  than  AF  to  CF :  neither  can  it  be  Tefrac- 
ted  to  any  point  G  farther  from  V  than  F :  for  take  Bm 
=  BFy  and  from  B  ercft  the  perpendicular  Be  meeting 
CG  in  r  ;  then  BG  :  Bm  or  BF ::  cG  :  cF,  that  is,  in  a 
greater  ratio  than  CG  to  CFy  therefore  \ffG  is  to  CG  in  a 
greater  ratio  than  BF  10  CF,  that  is,  than  AF  to  CF, 

Hence  the  foci  of  the  different  rays  occupy  the  furface 
of  a  little  circle  whofe  plane  is  perpendicular  to  the  axis  of 
the  furface ;  and  this  circle  is  called  the  circle  of  aberra- 
tion. 

4.  If  diverging  or  converging  rays  foil  on  a  fmall 
portion  of  a  refraiiling  fpherical  furface,  their  focus 

may 
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may  be  thus  found :  find  the  focus  of  parallel  rays 
coming  in  the  contrary  direftion,  and  the  dlflance 
between  the  conjugate  foci  will  be  a  fourth  propor- 
tional to  the  diftances  of  the  radiant  from  the  prin- 
cipal focus,  from  the  furface,  and  frpm  the  centre. 

Hence  the  two  foci  coincide  at  the  centre  and  at  the  fur-t 
face  5  and  the  four  diftances,  in  the  propofition,  lie  all  the 
fame  way  from  the  focus  of  incident  rays,  or  two  on  each 
fide. 

5.  If  parallel  rays  fall  nearly  perpendicularly 
on  a  fphere,  the  focus  after  refr^dion  at  both  fur- 
faces  will  bifedt  the  diflance  of  the  focus  of  refrac- 
tion at  the  firft  furface  from  the  fphere. 

If  the  fphere  be  water,  the  focus  lies  at  the  diftance  of  a 
femidiameter  from  the  fphere ;  if  glafs,  at  half  that  diftance. 

6.  If  the  line  joining  the  centres  of  the  furfacesof 
a  lens  be  divided  in  the  ratio  of  the  refpeftive 
radii,  all  the  rays  paffing  through  that  point  will 
have  their  incident  and  emergent  parts  parallel, 

A  lens  is  a  tranfparent  body  of  di£Ferent  denfity  from  the 
ambient  medium,  and  terminated  by  two  furfaces,  which  are 
both  fpherical,  or  one  plane  and  the  other  fpherical. 

Lenfes  are  diftinguiihed  by  the  nature  of  their  furfaces, 
and  are  of  five  kinds,  double  convex,  double  concave,  plano- 
convex, plano-concave^  and  menifcus,  which  is  concave  on 
one  fide  and  convex  on  the  other. 

The  point  determined  in  this  article  is  called  the  centre  of 

the  lens.     Hence  if  the  thickncfs  of  the  lens  be  inconfider- 

U  u  2  able 
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ablCy  die  paflage  of  every  ny  through  the  centre  may  he 
confidered  as  redilineal. 

The  axis  of  a  lens  is  a  right  line  perpendiculax-  to  bod 
iurfaccs. 

The  vertex  is  the  point  where  the  axis  cuta  the  iisviaces. 

7.  The  principal  focus  of  a  lens  is  thus  found  ; 
find  the  principal  focus  of  the  firftfurface,  this  is  a 
focus  of  incident  rays  on  the  fecond  furface  ^  £ad 
the  principal  focus  of  the  fecond  furface  of  rays 
coming  the  contrary  way ;  then  will  the  diftancr  of 
the  focus  of  incident  rays  on  the  fecond  furface  from 
the  focus  required^  be  a  fourth  proportional  to  its 
diilances  from  the  principal  focus  of  that  furface, 
its  centre^and  the  furface  or  lens. 

8.  If  the  fine  of  incidence  out  of  jur  into  a  lens 
be  to  the  fine  of  reffadion  as  /  to  R,  and  the 
radii  of  the  two  furfaces  be  m  and  n,  the  diftance  d 
of  the  principal  focus  from  the  lens  will  be    = 

mn         R 

If  the  fens  be  glafs,  /will  be  to  iS  as  5  to  a,  and  d  =— r"- 
If  one  radius  n  become  infinite^  or  the  lens  bec^ne  plaiio* 

convex  or  plano-concave,  ^:=  1  m* 
If  one  radius  n  become  negative,  die  lcn»  wSl  be  a  meni^ 

cus,anda  =r " 

tii'  ■■/! 

9.  Half  the  linear  aperture  of  any  very  thin  lens, 
of  long  focuSy  is  a  mean  proportional  between  its 

focal 


Digitized  by  VjOOQ IC 


a.M>^     —  -"''li 


L  5.  optics;  335 

focal  length,  and  the  difference  between  the  thickeft 
and  thinned  parts  of  the  lens  nearly. 

Fig.  9.  Firft,  in  a  plano-convex  and  plano-concave,  let 
the  axis  Rr  be  twice  the  radius  of  curvature  }  then  will  r 
be  one  of  the  principal  foci  of  the  plano-convex  lens ;  and 
R  the  focus  of  the  plano-concave  j  but  RS  in  the  former, 
and  rs  in  the  latter  ts^  the  difierence  between  the  thickeft 
and  thinneft  parts  of  the  lenfes ;  and  thefe  verfed  fines,  when 
indefinely  litde,  are  third  proportionals  to  the  diameter  Rr, 
and  PS  orpj  half  the  linear  aperture.  2.  A  double  con- 
vex may  be  confidered  as  confifting  of  two  plano-convex 
lenfes ;  a  double  concave  of  two  piano-concaves ;  and  a  me« 
nifcus  of  the  difference  between  two  plano-convex  lenfes  $ 
therefore  if  She  the  femi-aperture,  D  the  difference  between 
the  thickeft  and  thinneft  parts  of  one  plano-convex  or  plano- 
concave, and  d  the  difference  in  the  other,  then  D+dzn 
the  difierence  between  the  thickeft  and  thinneft  parts  of  the 

given  ;  lens    =r     —  ±  ?1= JJLL^'x  S*  ;  and  5TT  x 
2m       2n       zmn 

m+n 

In  a  plano-convex,  double  convex,  and  menifcus,  the  dif« 
fcrence  between  the  thickeft  and  thinneft  parts  of  the  lens 
is  equal  to  its  thickncfs ;  therefore  in  thefe  lenfes,  half  the 
linear  aperture  is  a  mean  proportional  between  the  thicknefs 
and  focal  length.  But  this  propofition.is  not  to  be  relied  on 
in  lenfes  of  (bort  focus, 

LECTURE 
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LECTURE    VI. 


I.  If.  rays  diverging  from  or  converging  to  a  point 
in  the  axis  of  a  lens  fall  on  the  lens^  their  focus  is  thus 
determined :  from  the  centre  of  the  lens  take,  in  the 
axis  of  the  pencil,  the  principal  focal  length,  to- 
wards the  given  focus  if  the  lens  be  convex,  on  the 
contrary  fide  of  the  lens  if  it  be  concave ;  from  the 
given  focus,  towards  the  principal  focus,  take  a  point 
whofe  diftance  from  the  given  focus  (hall  be  a  third 
•  proportional  to  the  diftances  of  the  principal  focus 

and  centre   of  the  lens  from  the  fame  ;   that  point 
will  be  the  focus  of  the  refrafted  rays.     ' 

The  principal  focus  and  the  focus  of  refrafted  rays  lie  the 
fame  way  from  the  focus  of  incident  rays.     And  if  the  focus 
I  of  incident  rays  be  moved,  the  focus  of  refrafted  rays  will 

'  move  in  the  fame  direflion  5  and  they  will  meet  at  the  fur- 

face. 

2.  In 
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2.  In  a  double  convex  lens,  the  diftance  between 
the  radiant  and  principal  focus  is  to  the  principal 
focal  length,  as  the  diftance  of  the  objcft  from 
the  lens  to  the  diftance  of  the  image  from  the 
fame. 

Hence  if  rfbc  the  diftance  of  the  objeft:  from  an  equally 
double  convex  lens,  r  the  radius  of  curvature  or  principal 
focal  length,  and  /  the  diftance  of   the  image  from  the 

lens,  then  d  —  r  \r  \\d  :/= 


d—r 

In  an  equaUy  double  concave,  fince  the  principal  focus 
is  to  be  taken  on  the  contrary  fide  of  the  lens,  J  +  r :  —  r 

''^'^=d+r^ 

In  a  plano-convex,  the  focal  length  is  2r,  therefore  d 

J     r  "^dr 

•—    2r  izr  \\d  \f=i . 

''        d—zr 

In  a  plano-concave  //  +  2r  :  —  2r  i;  d\f  •=.        ^ 


//  +  2r 

3.  If  the  diftance  of  an  objedt  from  a  double 
convex  lens  be  equal  to  twice  the  focal  length,  the 
diftances  of  the  object  and  image  from  the  lens  will 
be  equal  j  and  their  diftance  from  each  other  will 
be  a  minimum. 

The  produft  of  the  difference  between  the  diftances  of 
the  obje£k  and  image  from  the  lens,  and  its  principal  focal 
length  is  equal  to  the  fquare  of  the  focal  length,  which  is 
a  conftant  quantity ;  but  if  the  rcftangle  under  any  two 

lines 
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lines  be  always  of  the  fame  magnitude,  their'  fum   is  IcaS 
when  they  are  equal. 

4.  If  an  objeft  be  fituated  at  any  given  diftance 
from  a  fcreen,  on  which  its  image  is  to  be  reprc- 
fented  by  refraftion  of  the  rays  through  a  double 
convex  lens,  and  if  the  lens  be  moved  gradually 
from  the  objedt  to  the  fcreen^  it  will  either  pafs 
through  one  or  two  pofitions  in  which  the  image 
will  be  diftinftly  delineated  00  the  fcreen,  or  there 
will  be  no  poiition  in  which  it  will  appear  dif* 
tin(5l. 

For  fince  the  diftance  between  the  radiant  and  the  image 
is  a  minimum,  when  it  is  equal  to  four  times  the  focaJ 
length,  it  follows,  that  when  it  is  greater  than  four  times 
the  focal  length,  there  will  be  two  pofitions  of  the  lens, 
viz.  one  on  either  fide  of  the  point  which  bife£ls  the  inter* 
val  between  the  conjugate  foci,  in  which  that  interral  will 
continue  the  fame ;  if  that  interval  be  equal  to  four  times 
the  focal  length,  there  will  be  but  one  pofition,  viz.  wheo 
the  lens  bifeAs  the  interval  \  and  if  the  interral  be  lefs  than 
four  times  the  focal  length,  it  is  evident  there  is  no  po&> 
tion  in  which  the  image  can  be  delineated  diftin£tly  on  the 
fcreen. 

5.  The  linear  magnitudes  of  an  objeift  and  its 
image  are  to  each  other  diredljy  as  their  diftances 
from  the  lens. 

Hence  in  a  double  convex  or  plano-convex  lens,  the 
image  may  be  greater,  equal  to,  or  lefs  than  theobjed'i 

but 
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but  in  a  concave  lens,  the  magnitude  of  the  image  will  al- 
ways be  lefs  than  the  obje£l. 

6.  If  the  eye  be  clofe  to  a  concaVe  lens,  the  ap- 
parent magnitude  of  the  image  of  any  objedt  feen 
through  it  will  be  equal  to  that  of  the  objedt ;  as 
the  eye  gradually  recedes  from  the  lens,  the  image 
will  appear  to  diminifb,  and  the  limit  of  the'ratio  of 
the  apparent  magnitude  of  the  image  and  objedt 
will  be  the  ratio  of  their  aftual  magnitudes. 

By  the  apparent  magnitude  of  the  image  or  obje£t  is  un- 
derftood  the  angle  which  they  fubtend  at  the  eye,  and  not 
the  apparent  magnitude  according  to  the  judgment  which 
the  mind  forihs  of  them.  Their  apparent  magnitude  there- 
fore depends  on  two  circumftances,  their  a£tual  magnitude, 
and  their  diftance  from  the  eye ;  and  fince  the  image  is  fmall 
when  compared  with  its  diftance  from  the  eye,  it  will  fub- 
tend an  angle  at  the  eye,  which  is  as  the  length  of  the 
image  diredly,  and  the  diftance  of  the  eye  from  it  iix- 
verfely, 

7.  If  the  diftance  of  an  objeA  from  a  double 
convex  lens  be  lefs  than  the  focal  length,  as  the  eye 
recedes  gradually  from  the  lens,  the  ratio  of  the 
apparent  magnitude  of  the  image  and  objed  will 
continually  increafe ;  and  the  limit  of  its  increafe 
will  be  the  ratio  of  the  real  magnitude  of  the 
image  and  objedt. 

8.  If  the  diftance  of  an  objeft  from  a  double 
convex  lens  be  equal  to  the  focal  length,  the  ap- 

X  X  parent 
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parent  magnitude  of  the  image  with  refpeft  t€> 
the  objed  will  continually  increafe  without  limit, 
as  the  eye  recedes  from  the  lens. 

9^  If  the  diftance  of  the  objed:  from  the  leas  be 
greater  than  the  focal  length,  the  ratio  of  the  ap- 
parent ms^nitude  of  the  image  and  objeft  wiU  in- 
creafe without  limit,  according  as  the  eye  recedes 
from  the  lens  towards  the  image^ 

10.  If  the  eye  be  farther  from  the  lens  than  the 
image,  and  the  ratio  of  its  diftance  from  the  image 
to  its  diftance  from  the  objeft  be  lefs  than  the  ratio 
of  the  magnittide  of  the  image  to  that  of  the  ob- 
je£t,  the  image  will  appear  greater  than  the  ob- 
jedfc ;  if  the  ratio  of  thefe  diftances  be  equal  to  the 
ratio  of  the  magnitudes,  the  objeft  and  image  wflt 
appear  equal  ^  and  if  it  be  greiater,  the  image  will 
appear  lefs. 

1 1 .  If  the  objeft  be  infinitely  diftant,  it  will  ap- 
pear magnified^  of  its  ufual  fizie,  or  diminiihed, 
according  as  the  diftance  of  the  eye  from  the  lens 
is  lefs  than,  equal  to,  or  greater  than  twice  the  focal 
lengths 

12*  Images  formed  by  a  concave  lens,  or  by  a 
convex  lens  when  the  objeft  is  nearer  to  it  than  its 
focal  length,  are  ereft  and  imaginary. 

13.  The  image  of  an  objeft  whofe  diftance  from 

a  convex 
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a.  convex  lens  is  greater  than  the  focal  length,  is  in^ 
verted  and  real. 

14.  The  image  feen  through  a  concave  lens  is 
always  darker  than  the  objedt. 

15.  Jf  the  objedt  be  in  the  principal  focus  of  a 
convex  lens  or  within  it,  the  image  will  appear 
brighter  than  the  objeft. 

i6.  Iftheobjeft  be  beyond  the  principal  focus, 
the  image  feen  through  the  lens  will  appear  lefs 
bright  than  the  objed,  equally  bright  with  it,  or 
brighter  than  it,  according  as  its  diftance  from  the 
lens  is  lefs  than  twice  the  focal  length,  equal  to, 
or  greater  than  it^ 

17.  The  brightnefs  of  the  image  of  any  lumi« 
nous  objeft  formed  by  a  convex  lens,  will  be  as 
the  area  of  the  lens  diredly,  and  inverfely  as  the 
iqqare  of  the  diftance  of  the  ims^e, 

i8.  The  degrees  of  heat  in  the  foci  of  different 
ponvesc  lenfes  expofed  to  the  fun^s  rays,  are  as  their 
areas  direftly,  and  iijiverfely  as  the  (quares  of  their 
focal  lengths.  And  the  heat  in  the  focus  of  a  lens 
is  to  the  fun*s  dired  heat,  as  the  area  of  the  glafs 
tQ  the  area  of  the  image. 


Xxz  LECTURE 
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LECTURE    yil. 


!•  If  the  rays  of  the  fun,  rcfraftcd  by  a  triangular 
glafs  prifm,  were  homogeneous,  there  is  a  certain 
pofition  of  the  prifm  ia  which  the  image  would 
appear  orbicular. 

Fig.  10.  Let  JTL,  TK  be  twp  rays,  the  one  coming 
from  the  upper  limb  of  the  fun,  the  other  from  the  lower, 
^nd  croffing  each  other  in  jP,  the  aperture  in  the  win- 
dow fliuttcr  EG\  let  the  prifm  ABC  be  turned  round 
its  axis  fo,  that  the  rcfraftion  of  the  ray  TKy  at  its  inci- 
dence at  Ky  may  be  equal  to  the  refraftion  of  the  ray  XL 
at  its  emergence  at  /;  then  fuppofing  the  ray  77  to  go  back- 
wards, the  refraftion  of  the  ray  XL  at  L  will  be  equal  to 
the  refraftion  of  TK  at  if;  therefore  the  fum  of  the  rc- 
fraftions  of  the  ray  2X,  at  JC  and  H,  will  be  equal  to  the 
fum  of  the  rcfradions  of  the  ray  XL  at  L  and  I\  and 

therefore 
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therefore  the  two  rays,  being  e^ally  refraded,  have  the 
fame  inclination  to  one  another  after  refraftion  as  before, 
that  is^  half  a  degree,  equal  to  the  fun's  appparent  femi- 
diametcr.  So  then  PT  would  fubtend  an  angle  at  the 
prifm  of  half  a  degree,  and  therefore  would  be  equal  to 
the  breadth  of  the  image ;  and  confequently  the  image 
would  be  circular. 

2.  The  fun's  light  confifts  of  rays  qf  different 
colours,  and  different  degrees  of  refrangibility. 

If  the  fun's  rays  be  admitted  into  a  dark  room  through  a 
fmall  hole  in  a  window  fhutter,  and  be  refra£led  through  a 
glafs  prifm,  the  image  will  be  an  oblong  figure  terminated 
with  ftraight  parallel  fides  and  femicircular  ends,  the  length 
of  which  is  about  five  times  its  breath. .  The  whole  image 
confifts  oi  feven  diftind:  colours,  lying  in  the  following  or- 
der, red,  orange,  yellow,  green,  blue,  indigo,  and  violet, 
and  are  called  the  Prifmatic  colours  from  the  experiment. 

The  feparated  rays  deviate  unequally  from  the  courfe  of 
the  incident  ray,  whence  they  are  faid  to  be  differently  re- 
frangible. The  refrangibility  of  the  fays  anfwers  to  the 
order  in  which  the  colours  appear  in  the  prifmatic  fpeftrum, 
the  red  being  the  Icaft,  and  the  violet  rays  the  moft  re- 
fra^ied.  Any  of  the  feven  colours  feparated  from  the  reft 
is  called  an  hompgeneal  ray. 

The  angle  contaiiied  between  the  fides  of  the  prifm 
through  which  a  ray  pafies,  is  called  the  refradiing  angle. 

It  is  always  fuppofed  in  optical  experiments,  that  when 
a  ray  is  refrafted  through  a  prifm,  the  incident  and  emer- 
gent 
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gent  rays  are  in  a  plane  which  is  perpendicular  to  the  axis 
of  thc'prifm, 

3.  If  the  prifm  be  turned  about  its  axis,  the 
fpedrum  will  firft  afcend  and  then  defcend,  or  the 
contrary ;  in  the  limit  between  which  motions, 
when  the  image  is  ftationary,  the  refradions  on 
both  fides  are  equal. 

In  this  pofition  of  the  prifm  all  experiments  on  hetero- 
geneal  light  are  fuppofed  to  be  made,  unlefs  fome  other  po- 
fition is  defcribed:  i.  Becaufe  the  refra£Hons  of  the  rajs 
may  be  thus  meafured  without  any  other  inftrument  than 
a  quadrant.  2.  The  refra£tion  by  being  doubled  can  be 
more  certainly  meafured.  3.  The  prifisi  may  be  placed  in 
this  pofition  with  the  greateft  facility.  4.  A  giTen  error  in 
the  pofition  of  the  prifm  will  produce  ^  much  lefi  tSk&n 

4.  If  the  prifm  be  turned  about  its  axis  fo  as 
that  the  rays  (hall  be  incident  more  obliquely  on 
the  fecond  furface,  the  image  will  become  longer ; 
if  it  be  turned  in  the  contrary  direftipi),  fo  as  that 
they  (hall  be  Incident  more  obliquely  on  the  firft 
furface,  it  will  become  (horter. 

Fig.  II.  Let  the  fplar  beam  SL  be  fefira&ed  by  the 
prifin  JBC,  forming  the  fpe£krum  PFT,  the  rays  LK  of 
mean  refrangibility,  within  th^  prifm,  being  parallel  to  the 
bafe  'y  if  the  prifm  be  turned  on  its  axis  according  to  the 
order  of  the  letters  ACB,  fo  that  the  rays  (hall  be  incident 
more  obliquely  on  the  firft  furface,  the  violet  ray  Zi/P  will 
approach  to  paralleliim  with  the  bafe^  and  therefore  the  angle 

which 


Digitized  by  VjOOQ IC 


L.  7.  OPTICS.  343 

which  the  violet  incident  and  emergent  rays  contain,  will  in* 
creafe,  that  is,  the  violet  extremity  P  of  the  fpedrum  will 
defcend.  At  the  fame  time  the  red  rays  will  recede  farther 
from  the  pofition,  in  which  their  parts  within  the  prifm 
are  parallel  to  the.bafe;  therefore  the  angle  contained  by 
the  incident  and  emergent  red  rays  will  decreafe;  that  is,  the 
red  extremity  of  the  fpe£irum  will  afcend,  and  thus  the 
length  of  the  fpe£trum  will  be  contra£ted.  And  the  con- 
trary will  happen,  if  the  prifm  be  turned  on  its  iilis  in  the 
contrary  dire£lion. 

5.  The  oblongation  of  the  fpedrum  does  not 
arife  from  any  fplitting  of  the  rays,  nor  from  any 
inequality  of  incidence  on  the  prifm. 

6.  If  the  common  fine  of  incidence  from  crown 
glafs  into  air  be  50,  the  fines  of  fefraftion  of  the 
leaft  and  moft  refrangible  rays  will  be  77  and  78 
refpeftively. 

Hence  in  fmall  refractions,  where  the  angles  and  (ines  are 
nearly  proportional,  the  refradied  angles,  that  is,  the  re* 
fra&ions  of  the  leaft  and  moft  refrangible  rays  will  be  as 
27  and  28  -,  and  the  difierence  of  the  refra£lions  of  the 

leaft  and  moft  refrangible  rays  will  be  about  -  r  part  of  the 
whole  refradion  of  the  mean  refrangible  rays. 

7.  If  heterogeneous  rays  diverging  from  a  lucid 
point  be  refradled  acrofs  aprifm,  given  in  pofition, 
to  the  eye,  the  fum  of  the  angles  formed  by  thefc 
rays  at  the  eye  and  lucid  point  will  be  a  given  quan- 
tity. 
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trty,  the  mean  refradlions  on  both  fides  the  prifm 
being  equal. 

Fig.  12.  Lrt  the  hetcrogetieous  rays  FD^  FE  be  rc- 
f rafted  acrofs  the  prifm  ACB  to  the  eye  at  JT:  let  two  he- 
terogeneous rays,  fimilar  to  FD^  FE  as  to  riefrangibility,  be 
incident  on  the  prifm  in  the  direftion  LM  parallel  to  the 
tight  line  bifefting  the  afigle  DFE ;  the  deviation  of  FD 
is  nearly  equal  to  the  deviation  of  LMO,  and  the  deviation 
of  FE  to  that  of  LMN\  therefore  the  difierencc  of  the 
deviations  of  FD  and  FE  is  equal  to  the  difierencc  of  the 
deviations  of  LMO  and  LMN,  that  is,  to  the  angle  NAIO 
which  the  incident  and  emergent  rays  contain.  But  the  de«> 
viation  of  FD  =  the  angle  PFJr=  VFX  +  VXF,  and 
the  deviation  of  FE  =  ^X  =  RFX  +  RXFy  there- 
fore the  difference  of  the  deviations  =z  DFE  +  GXHz=i 
NMO,  a  given  quantity,  becaufe  the  rays  within  the  prifm 
are  fuppofed  parallel  to  the  bafe.  Lc£k.  Opt.  P.  i .  Prop.  27. 

8.  If  heterogeneous  rays  diverging  from  a  given 
point  be  refraded  acrofs  a  prifm  to  the  eye,  the 
divergence  in  entering  the  eye  will  be  greater,  the 
more  remote  the  object,  the  prifm  and  eye  remain- 
ing fixed.  If  the  eye  and  objeft  be  given  in  pofi- 
tion,  the  nearer  the  prifm  is  to  the  objedl,  the  lefs 
will  be  the  divergence.  " 

For  fincc  the  rays  DG,  EH  within  the  prifm  arc  very 
nearly  parallel  to  the  bafe,  the  angle  GXH  will  be  to  DFE^ 
as  DF  to  GXy  and  GXH  :  DFE  +  GXH,  a  conftant 

quantity, : :  DF :  DF  +  GXs  therefore  GXH\  x—^L^ 

DF~\^GX* 

on 
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DP 
or,  when  JDi^^Is  Imall  with  rcfpea  to  GJT, : :  -^-- ;   there- 

fore  when  GJT  is  given,  the  divergence  isdireftly  as  DF, 

the  diftance  of  the  objedi. 

Hence  the  divergence  is  greateft  when  the  objedl  is  in- 
finitely diftant ;  and  it  vanifiies  when  the  objedl  touches 
the  prifm. 

9.  If  parallel  heterogeneous  rays,  pafling  through 
a  ftnall  aperture  in  a  window  (hutter,  fall  obliquely 
on  a  glafs  parallelepiped,  they  will  generate  a  co- 
loured fpedrum,  in  which  the  colours  will  prefervc 
the  fame  pofitions  and  the  fame  breadth  at  all.dif* 
tances  fronl  the  parallelepiped  ;  and  the  breadth  of 
the  fpeftrum  will  b^  proportional  to  the  breadth 
of  the  parallelepiped. 

10.  If  heterogeneous  rays  flowing  from  the  dif- 
ferent points  of  the  fun's  difc,  and  eroding  each 
other  in  a  fmall  aperture  in  a  window  fhutter, 
fall  obliquely  on  a  glafs  parallelepiped,  they  will 
generate  a  coloured  fpeftrum ;  and  as  the  diftance 
from  the  parallelepiped  increafes,  the  figure  of  the 
fpeftrum  will  becotae  more  orbicular  ;  the  green  in 
the  middle  will  by  degrees  migrate  into  whitenefs, 
and  the  whitenefs  expand ;  and  the  extreme  colours 
will  continue,  but  gradually  grow  more  languid 
by  the  dilatation  of  the  image. 

Fig.  13.  If  the  heterogeneous  beams  X^,  3^i/,  S// flow- 
ing from  the  upper  and  lower  limbs  and  centre  of  the  fun, 

Y  y  crofs 
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crofs  each  other  in  the  aperture  F^  and  falling  on  the  pdlralle* 
kpiped  be  refra£ked  by  it,  Pp  the  aiis  of  the  emergent  cone 
of  purple  rays  will  be  parallel  to  SH'iiic  axis  of  tlie  cone 
of  incident  rays ;  in  the  Kke  manner,  Tt  the  axis  of  die 
emergent  cone  of  red  rays  will  be  parallel  to  5/f;  there- 
fore as  the  centres  of  the  circles/,/  always  pteferve  the 
fame  diftance  from  each  other,  and  the  circles  themfelves 
enlarge  as  the  diftance  ts:  increafed,  the  cdburs  will  gra« 
dually  intermix,  and  become  mote  dull  and  languid,  and 
the  figure  of  the  fpe£lrum  will  become  more  orbicalan 
At  0  where  the  extreme  cones  interfere,  whitenefi  will  be 
generated  in  the  middle  of  the  fpefirum. 

f  I .  If  heterogeneous  rays  diverging  from  a  lucid 
point>  and  falling  obliquely  on  a  glafs  parallelepi* 
ped,  be  refrafted  acrofs  it  tathe  eye,  the  divergence 
of  the  rays  in  entering  the  eye  will  dirtjinifti,.  ac- 
cording as  the  objeft,  or  eye,  or  both  recede  from 
the  parallelopiped* 

Fig.  14.  Let  JT  be  the  lucid  point  emitting  heteroge- 
neous rays  to  the  eye  at  S,  acrofs  the  parallelepiped  ABCD, 
thefe  rays  will  have  their  incident  and  emergent  parts  JTMy 
pS,  and  XNy  tS  parallel  to  each  other,  and  therefore  the 
triangles  />S?,  MXN  will  be  fimilar,  the  purple  rays,  up- 
on account  of  their  greater  refrangibility,  diverging  more 
•n  either  fide  at  M  and  p  from  their  reftilineal  courfe  than 
the  red  rays ;  whenct  the  heterogeneous  rays  muft  necefia- 
rily  crofs  each  other  fomewhere,  as  at  0,  within  the  priixn,. 
making  the  triangles  AION,  pOt  alfo  fimilar ;  and  therefore 
the  points  S,0,  X  lie  in  diredlum.    Let  the  right  line  SX 

meet 
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meet  the  parallelepiped  in  K  and  i,  then  SK :  LX : :  SO 
zOX,  andSi:+  LX :  LXiiSX  xOX-,  if  now  S^  be 
increafed^  Z^  remaining  unvaried,  the  r^tio  of  SK'\'LX 
to  SX,  and  therefore,  alfo  the  ra^io  oi  LX  to  OX  will  be 
increafed,  that  is,  the  interfedion  O  will  approach  towards 
X\  and  therefore  the  heterogeneous  rays,  which  are  re- 
fraAed  to  O,  wijl  fall  lefs  obliquely  on  the  parallelepiped, 
that  is,  the  aQgle  MXN  iirill  diminiih,  and  therefore  alfo 
the  angle  pSt  which  is  equal  to  it.  And  the  like  will  hapr 
pen^  if  SK  r^m^iining  unvaried,  LX  be  increafed, 

12.  The  fun*s  rays  are  differently  reflexible,  and 
thofe  rays  which  are  the  moft:  refrangible,  arc  alfo 
the  moft  reflexible. 

The  fine  of  inciden<:e  is  to  the  fine  of  refra£^ion  in  the 
red  rays,  paiEng  out  of  glafs  into  air,  as  50  :  77 ;  wherCf 
fore  they  wiU  be  refle^ed  from  the  furface  of  the  glafs, 
if  the  angle  of  incidence  exceed  40^  29',  the  finp  of  which 
angle  is  to  radius  as  50:77;  the  fine  of  incidence  is  to 
the  fine  of  rcfrafltion  of  the  violet  rays  as  50  :  78,  thefe  ray» 
therefore  will  be  refleded,  if  the  angle  of  incidence  excee4 

13.  Candle  light'  is  of  the  fame  nature  as  the 
light  of  the  fun. 

For  rays  from  a  candle  may  be  feparated  into  the  fama 
colours  with  thofe  in  the  folar  fpeflrum,  and  they  lie  in 
the  f^me  order  \  but  their  proportions  are  different.         / 
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LECTURE    yill. 


I.  VVHEN  a  ray  of  light  emerges  obliquely 
from  one  medium  into  another,  which  refrafts  from 
thp  perpendicular,  the  greater  is  the  difference  of 
their  refradtivc  denfity,  the  lefs  obliquity  of  inci- 
dence is  requifite  to  caufe  a  total  refleftion,  and 
the  ftronger  the  refleftion  will  be. 

2.  The  refraftion  qf  light  is  probably  produced 
by  the  attradive  force  of  the  refrading  n^edium. 

Becaufe  fuch  a  force  is  not  only  fupported  by  the  ana- 
logy of  nature,  but  is  likewife  adequate  to  the  effects  thus 
;|ttributed  to  it. 

3.  The  augmentation  or  diminution  of  the  ve- 
locity of  the  refrafted  rays,  caufed  by  the  attrac- 
tion of  the  refrafling  medium,  is  not  varied  by 
any  variation  of  the  angle  of  incidence. 

Hence  it  follows,  that  the  fines  of  incidence  and  refrac- 
tion are  to  each  other  in  a  conftant  ratio. 
Hence  alfo  a  ray  palling  obliquely  from  a  rarer  into  a 

denfer 
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denfer  medium  will  approach  towards  the  perpendicular  to 
the  refrafling  furface  at  the  point  of  incidence ;  and  will 
recede  from  that  perpendicular  in  pafling  from  a  denfer  to 
a  rarer. 

It  is  to  be  obferved,  that  a  repulHve  force  in  the  refrac- 
ting mediums  will  folve  the  phenomena  of  refradion  equal- 
ly well  with  an  attra£live  force* 

4.  The  different  refrangibility  of  the  rays  of  light 
does  not  depend  either  on  the  different  magnitude 
of  the  particles,  or  the  different  velocity  of  the  rays. 

The  different  refrangibility  of  the  rays  probably  depends 
on  the  different  degrees  of  eleftive  attraftion,  which  fubfifts 
between  the  rcfrafting  body  and  the  different  forts  of  rays. 

5.  Bodies  refieft  and  refradt  light  by  one  and 
the  fame  power,  varioufly  exercifed  in  various  cir- 
cumftances. 

This  appears  by  fcveral  confiderations :  i.  When  light 
goes  out  of  glafs  into  air,  as  obliquely  as  it  can,  if  the 
incidence  be  incrcafed,  it  will  be  totally  reflefted.  2. 
Light  is  alternately  reflefted  and  tranfmittcd  by  thin  plates 
of  glafs  for  many  fucceffions,  according  as  the  thicknefs  of 
the  plate  increafes  in  arithmetical  progreffion.  3.  Thofe  fur- 
faces  of  tranfparent  bodies  which  have  the  grcatefl  refracting 
power,  rcfleft  the  greatefl  quantity  of  light. 

6.  The  refiedtion  of  light  is  not  caufed  by  its 
adually  impinging  upon  the  folid  parts  of  the  re- 
fiedting  body,  but  by  fome  power  diffufed  over  the 
furface,  and  which  afts  in  a  dircdtion  perpendicu- 
lar to  it. 

For 
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For  when  a  ray  pafles  obliquely  from  a  denfer  to  a  rarer 
medium,  there  is  a  certain  angle  of  incidence,  at  which  a 
total  reflexion  begins ;  and  the  greater  the  difference  be- 
tween  the  refraflive  powers  of  the  mediums,  the  leis  the 
angle  of  incidence  when  this  total  refle£lion  takes  place, 
fo  that  the  force,  whether  attractive  or  rcpulfivc,  which 
permits  the  ray  to  be  refracted  at  a  certain  incidence^  will 
be  fo  far  increafed  by  a  greater  obliquity,  as  to  produce 
cefledion.    Prin.  Mathem.  Lib.  i.  Prop.  96* 

Now  if  we  fuppofe  that  the  attrafiiive  force  of  the  me- 
dium, through  which  a  ray  pafles,  is  indefinitely  greater 
than  that  which  prevails  at  the  furface  of  the  body  on  which 
it  falls,  the  rays  will  be  refle£ted  at  all  s^igles  of  incidence  s 
and  in  the  fame  manner  as  refraAion  is  not  itaade  in  the 
point  of  incidence,  but  gradually  by  a  continual  inSe£tion 
of  the  rays ;  fo  neither  will  refledion  be  performed  in  the 
point  of  incidence,  but  the  ray  will  defcribe  an  indefinitely 
little  parabolic  arc,  whofe  axis  will  bifedi  the  angle  made 
by  the  incident  and  refle£led  rays,  and  ^11  be  perpendi** 
cular  to  the  refle£ling  furface. 

7.  The  forces  of  bodies  to  refraft  and  refled 
light  are  a$  Jhe  fquares  of  the  co-tangcnts  of  the 
greateft  refraftion. 

The  fquares  of  the  co*tangents  of  greateft  refra&ion, 
and  by  confequence  the  refra£live  forces  of  bodies,  arc 
found  to  be  nearly  as  their  denfities,  except  that  unAuous 
and  fulphureous  bodies  refra£l  more  than  others  o£  the 
fame  denfity* 

LECTURE 
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LECTURE    IX. 


1.  Inflection  is  that  change  in  the  difedion 
of  a  ray  of  light,  which  it  undergoes  in  paffing  by 
the  edges  of  bodies^  and  very  near  them. 

2.  If  the  fun*s  rays  be  admitted  through  a  fmall 
hole  into  a  darkened  chamber,  and  a  thin  plate 
two  inches  long  and  about  half  a  line  broad  be 
perpendicularly  expofed  to  the  rays,  a  faint  light 
will  be  feen  difperfed  over  the  (hadow,  when  re- 
ceived perpendicularly  on  a  Imooth  white  furface  ; 
the  fliadow  alfo  will  be  broader,  than  if^  the  light  had 
all  proceeded  from  the  hole  in  right  lines,  and  will 
be  terminated  by  various  fringes  of  colours,  the 
raoft  refrangible  rays,  in  each  fringe,  being  neareft 

the  body. 

From 
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From  this  experiment  it  appears^  that  fomc  of  the  T7ji 
which  pafs  near  the  edges  df  the  plate,  are  bent  from  th= 
body^  which  is  fimilar  to  refie£lion^  and  others  are  bci: 
towards  the  body,  into  the  fliadow,  which  is  fimilar  to 
refraftion- 

3.  The  coloured  fringes  which  border  the  (ha- 
dows  of  bodies  do  not  arife  from  any  new  modifi- 
cations imprefled  on  the  rays  of  light,  but  folely 
from  their  various  inflexions,  by  which  they  are 
feparated  from  each  other. 

It  has  been  attempted  to  folve  the  phenomena  of  inflec- 
tion by  the  hypothefis  of  an  atmdfphere  furrounding  the 
inflefting  body,  which,  varioufly  refrading  and  rcAcSting  1 
the  rays,    produces  thefe  extraordinary  appearanoes;    but 
all  fuch  attempts  hitherto  made  appear  unfatis(a£tory. 

As  inflection  refembles  both,  refledion  and  refra&ion, 
and  the  infle£ling  power  alfb  zGts  on  fome  rays  more  than 
on  others,  by  which  they  are  feparated  from  each  other, 
Newton  concludes,  that  the  power  by  which  the  rays  of 
light  are  inflefted,  is  one  and  the  fame  with  that  by  which 
they  are  refra£ted  and  reSe£bed,  though  the  particular 
manner  in  which  the  phenomena  are  produced^  is  yet  un- 
known. 


LECTURE 
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LECTURE    X. 


I .  x\s  the  rays  of  the  ftin  differ  in  refrahgibility. 
To  do  they  alfo  in  their  difpofition  to  exhibit  dif- 
ferent colours ;  and  to  the  fame  degree  of  refran- 
gibility,  in  a  given  medium,  always  belongs  the  fame 
colour  'y  and  to  the  fam<;  colour,  th^  fame  degrep 
of  refrangibility. 

2.  That  fpecies  of  colour  which  is  peculiar  to 
any  kind  of  rays,  is  not  changeable  by  refraftioa 
or  refledtioq. 

3^  Bpdies  appear  of  particular,  colours  by  their 
difpofition  to  refleft  the  rays  of  one  colbur  more 
icopioufly  than  another. 

Hence  if  the  fun's  light  confifted  But  of  one  fort  of  rays, 
all  things  woi^d  appear  of  the  fame  colpur. 

Bodies  appear  of  difl^rent  colours  in  candle-light  and 
day.light,  becaufc  the  component  colours  of  each  arc  to 
(^ch  other  in  di^erent  proportions. 

Z  z  4.  Traofr 


Digitized  by  VjOOQIC 


354  oPTicSf  L.  lOt 

4.  Tran(parent  bodies  appear  of  different  co* 
'  lourS)  by  tranfmitting  fomc  rays  more  copiouily 

than  others,  and  itifling  thofe  which  they  do  not 
tranfmit. 

If  the  light  which  tranfparent  coloured  bodies  tranlhiit 
be  intercepted,  and  the  other  rays  fall  on  them,  thefe  bo- 
dies do  not  vary  from  their  former  colour,  but  becpme  en- 
tirely black. 

5.  The  difpofition  pf  bodies  to  rcfleft  or  tranf- 
mit fome  rays  more  copioufly  than  others,  depends 
on  the  denfity  or  niagnitude  pf  their  component 
particles. 

6.  Colours  are  either  original  or  compounded  ^ 
the  original  or  primary  cplours  are  thofe  which  ap- 
pear in  the  folar  fpedtrum ;  the  compounded  are 
thofe  which  result  from  the  union  of  primary  co- 
lours  J  and  which  differ  from  the  primary  only  in 
^bis,  that  they  can  be  decpmpounded ;  whereas  the 
primary  or  prifmatic  colours  cannot. 

7.  All  the  primary  colours  mixed  in  that  propor- 
tion which  they  obtain  in  the  folar  fpedbrum,  con- 
(litute  whitenefs. 

8.  The  blacknefs  of  bodies  proceeds  from  their 
incapacity  to  rcflcft  any  of  the  rays  of  light. 


LECTURE 
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LECTURE    XL 


t .  i  HE  ram-bow  lis  formed  by  the  folar  rays  en- 
tering the  drops  of  falling  rain>  and  being  there 
refraftcd  to  the  farther  furface,  emerging  from  the 
drops  after  one  or  more  refleftions ;  and  at  their 
emergence,  as  well  as  at  their  entrance  fulFering  a 
refraftion  by  which  the  compound  rays  arc  fepa- 
rated,  they  enter  the  eye  of  a  fpeftator,  and  ex- 
hibit the  prifmatic  colours. 

The  primary  bow  is  that  which  is  mod  ufually  feen  In 
the  heavens,  and  is  formed  by  two  refraflions,  and  one  in- 
tervening reflection  of  the  rays.  The  fecondary  bow  i$ 
formed  by  the  rays  emerging  after  two  refra&Ions,  and 
two  intervening  refleaioiis. 

2.  Of  the  folar  rays  which  fall  parallel  and  con- 
tiguous upon  a  Ipherical  drop  of  water,  thofe 
Z  z  2  which 
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which  are  eficif^iye,  of  csmv  produce  a  rain- bow, 
muft  alfo  emerge  parallel  and  contiguous. 

Becaufe  •therwife  Aey  wilt  not  enter  the  eye  of  the 
fpe£iator  in  fufficieni  abundance,  and  therefore  with  fuf- 
ficient  ftrength  to  excite,  a  diftind  fenfalion;  diveiging 
fays  wouM  alfo  by  their  various  ci<>ffings  and  iateiicAions 
dilute  t^  colouFS, 

3.  The  effeAivc  rays  which  emerge  after  one 
-tcfleftiony  have  all  one  common  point  of  reflec- 
tion, on  the  oppofite  furface  of  the  drop. 

4.  The  efFeftivc  rays  which  emerge  after  two  re- 
flexions, have  their  reflefted  parts  parallel  to  each 
other  within  the  drop,'  between  the  two  points  of 
refleftion. 

5.  The  effeftive  rays  which  emerge  after  one 
reflef^ion,  have  their  angle  of  incidence  fo  ordered, 
that  its  nafcent  increment  or  fmalleft  increafe  is 
double  the  contcmpoi'ary  increafe  of  the  angle  of 
fefraftion. 

Fig.  15.  Let  Alp  ri  be  the  incident,  and  £Afp  em  the 
emergent  efficacious  rays,  having  one  common  point  of  re« 
fle£^ion  Z  on  the  oppofite  furface  of  the  drop  i  the  nafcent 
angle  ICi  is  die  nafcent  increment  of  die  angle  of  inci- 
dence J  and  i  ZI  ii  the  contemporary  increment  of  die  an- 
gle of  refrafkion  v  but  the  former  angle,  being  at  the  cen- 
tre, is  double  the  latter  at  the  periphery,  infilling  on  the  fame 
a^ch. 

-6.  The  nafcent  increment  of  the  angle  of  inci- 

.  dence 
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dencc  of  the  efiedivc  rays  which  emerge  after  two 
reflexions,  is  triple  the  contemporary  increment  of 
the  angle  of  refradion.  And  in  general,  the  naf-* 
cent  increment  of  the  angle  of  incidence  of  the 
cffeftive  rays  which  emerge  after  any  number  of 
refiedtions  n,  is  to  the  contemporary  increment  of 
the  angle  of  refra&ion,  as  «4- 1  to  i. 

Fig,  1 6.  For  £  is  the  dafcent  mcrement  of  the  angle  ef 
incidence,  as  before,  and  iince  CZT,  Czy  are  the  angle»  of 
refraftion,  the  angle  ZCa,  meafured  by  the  arch  Zz,  is  the 
increment  of  the  ai^le  of  refraflion^  becavfe  ZTis  parat* 
lei  to  zy.  But'2  Z%  (^  arch  ZT  ^^  ztiii  zyzizIZ  —  arch 
izj  z=,  Ii^-Zz\  thercfoare  Cz=  i  Zz^  and  to  on^ 

7«  The  tangents  of  the  angles  of  incidence  and 
refrdiflioa  of  the.effcdiYe  rays  are  to  each  other 
as  2  to  u  when  they  emerge  after  one  refleftion  -, 
and  as  3  to  i,  when  they  emerge  after  two  reflec- 
tions :  and,  in  general,  as  «+ 1:  to  i  after  n  num- 
ber of  refledions. 

Fig.  1 7.  For  in  two  angles  wliofe .  fines  are  in.  a  given 
ratio,  their  contemporary  increments  are  as  the  tangents  of 
thofe  angles.  In  the  circle  C^B  let  ^^  be  the  naffcent  in- 
crement of  the  arch  Be,  and  di  the  contemporary  incre- 
ment of  the  fine ;  from  fimilar^  triangles,  de  :  di :  :  Ce  (ra- 
dius) :  Cf,  that  is,  the  nafcent  increment  of  the  arch  is  a» 
the  nafcent  increment  of  the  fine  direftly,  and  as  the  cofine 
inverfely ;  but  fincc  the  fines  are  in  a  conftant  ratio,  fo  are 
their  increments  y  therefore  the  nafcent  increment  of  the 

arch 
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arch  h  iircdtlj  as  the  fitie  and  ihverfely  as  the  eofine^  thit 
16^  dire£^ly  as  the  tangent. 

8.  Th«re  \s  a  certain  poifit  on  efvcfy  drop,  oa 
which  rays  falling  will  emerge  parallel  after  one  rc- 
fleftion ;  and  another^  on  wbicji  if  thcjr  fall,  thcf 
will  emerge  parallel  aftcfr  two  refleftions. 

In  the  beginning  6f  the  quadrant  th^  tangents  are  rerf 
nearly  as  the  fines  of  the  angles  of  incidence  and  refrac- 
tion, that  isj'  as  4  to  3,  which  is  a  lefs  ratio  than  2  to  i  or 
3  to  I  $  but^  in  the  end  of  the  qtiadiaiit,  Ac  tafitgent  of 
incidence  becomes  infinite,  while  the  t;ingent  of  refrafiion 
is  a  finite  quantity ;  therefore  thete  muft  be  fomle  intormedi- 
ate  ftate,  in  which  the  tangents  of  incidence  and  re£ra£tion 
arc  as  2  to  I,  3  to  i,.or  «+i  to  r. 

To  find  the  pofition  of  the  point,  all  that  i$  neccflai^ 
is  to  find  two  angles  whofe  fines  are  in  the  rati^  of  the 
fines  of  incidence  and  refra&ion  of  every  particular  coloured 
ray,  and  whofe  tangents  in  the  firi^  bow  are  as  2  to  i,  ti 
the  fecond  as  3  to  i,  arid  in  general  as  /i  -f-  i  to  1,  is  de* 
noting  the  number  of  reflections;  which  is  evidently  a 
problem,  tliat  admits  of  a  folution  ;  becaufe  there  are  two 
unknown  quantities,  and  two  equations  likewife* 

c.  The  cofine  of  incidence  of  the  effeftive  rays 
which  emerge  after  any  number  of  refleftions  «,  is 


to  radius    as  \//*— il  « to  v^;Hp7l*— i  ii<;  / 
denoting  the  fine  of  incidence,  and  R  the  fine  of 
refraction. 
Let  X  and  jF  =:  the  cofines  of  inqidence  and  refaaion  rc- 

fpcaivclyi 
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fpef^irdy;  dien  the  Squares  of  their  fines  will  be  t  — pc^, 
?md  I  —  y^f  radius  being  unity ;  and  the  fquues  of  theif 

tangents  will  be -^ — ^ — '• ,  and 1-  5   wherefore,   by  the 

conditions  of  the  problem,  i  —  pc^  :  i  r— ;?«  : :  /*  :  R*^ 
and  i — -21-: 1 :  i  :  n+v  ;  and  joining  tbcfe  ratios^ 

x»  :/«  :  :/a  1^+1)^  i2«,andj«  =  ?±J^lf!; where- 
fore fiibftituting  this  value  i^  the  firil  equation,  we  have 
I  _  ;tf*.:  i Z±ilJL-5i-  :  :  /?  :^»,  therefore  i  — *« 

:=: L    ^  •  whence  ;tf  : 


cofine  of  incidence.    But  y:x::  «'+  OR  :  /,  and  therer 
fore  the  cofine  of  refrafhion  is  alfo  known. 

If /!=  I,\/«+  i^»  — I  ipr^f;  if «=:  2,^Vx  I^*— X 

=  a/  8;  if  /I  =  3,  ^i»+i^*— i  =  \/i5,  &c.  the  numf 
bers  3,  8,  15,  Sec.  being  gathjsred  by  the  continual  addir 
(ion  of  the  terms  of  the  arithmetical  ferie$  3,  5,  7,  p,  &c. 
10.  The  angle  which  the  incident  and  emergent 
rays  contain  after  one  reflexion  is  equal  to  the  dif- 
ference between  four  times  the  angle  of  refraftion 
and  twice  the  angle  of  incidence;  and  after  two 
refle&ions  it  is  equal  to  the  difference  between  fix 
times  the  angle  of  refradtioo,  and  .twice  the  angle 
of  incidence ;  and  fo  on,  always  adding  twice  the 

angle  of  refraftion  for  each  refledlion. 

Kg* 
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Fig.  1 8.  Let  CIZE  be  a  feftion  through  the  centre  of 
a  drop,  in  the  plane  of  which  let  RI  be  an  incident  rar, 
which  after  t^o  refractions  in  the  points  ly  E^  of  incidence 
and  emergence,  and  one  intervening  refle£lion  in  Z, 
emerges  in  the  line  EM.  Let  lEM  produced  iheet  the  iii> 
fAitvt  T2lj  RIy  produced  alfo,  in  X^  and  from  the  centre 
C  let  the  femi-diameters  CJ,  CZ  be  drawn.  Becanfe  the 
^uigles  CZI,  iOZE,  and  alfo  the  angles  ZIX,  ZEX  are 
equal,  CZ  produced  will  pafs  through  Xy  sind  bifeft  the 
angle  IXE.  Now  in  the  two  triangles  CIX^  CIZ,  be- 
cauf(;  the^  vertical  angk  at  C  is  a  right  one,  JXZ  -f  CIX 
=  CIZ  +  CZl  =  2  CIZ  5  therefore  IXZ  =  a  CiZ  — 
CIX,  and  2  IXZ  or  IXM  =  4  CiZ  —  2  CIX,  that  is, 
the  angle  which  the  incident  and  emergent  ra^s  contain  = 
4  angle  of  refra£lton  -^  2  angle  of  incidence. 

Again,  let  the  ray  RI,  af^er  two  reflexions  in  Z  and  jS^ 
emerge  in  ^e  line  ERy  meeting  RI  and  X£  ii)  R  and  Af ; 
becaufe  the  refra£tions  in  E  and  E  are  equal,  the  angles 
XEZ  and  EFM  are  equal,  and  EME  +  MES  =  FEX 
-=  FEZ  +  XEZ,  therefore  FJHE  =  FEZ  rr  9  ai%le  rf 
|Fefra£tion  ^  but  the  angle  NRM  cont^med  by  the  iifcidenf 
and  emergent  rays  =  IXE  -f-  FME  =  4  angle  of  refrac- 
tion —  2  angle  of  incident^  +  2  angle  of  refraAion  =: 
j5  angle  of  refraftipn  -^  2  angle  of  incidence.  And  ib 
on,  always  adding  twice  the  angle  of  refra£lion,  for  every 
incidence,  to  the  former  angle  cpntained  by  the  incident 
and  emergent  rays. 

II.  In  the  primary  bow,   the  leafl:  refrangible 

rays,  and  in  the  fecondary  bow  the  mod  refrangi- 

blc  are  outermoft, 

3incQ 
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Since  the  ratio  of  the  fives  of  incidence  and  xefra£lIon 

»re  different  in  all  the  rays  of  different  eolouts^  it  is  evir 

dent  that  the  eSc^ious  incident  and  emergent  rays  contain 

idifEbreht  angles ;  and  fince  the  deriation  of  die  red  rajs  is 

Icfs  than  that  of  any  other,  it  (bllovs,  that  die  incident  and 

emergent  red  rays  after  one  refle£iion  contain  a  greater^ 

and  after  two  refle£lions  a  left  angle  than  any  other  rays  : 

and  confequently  the  red  rays  will  be  exterior  in  the  pri^ 

mary  bow,  and  interior  in  the  fecondary  bow. 

The  efficacious  incident  and  emergent  red  rays  form  an 
angle  of  4:^^  1!^  and  the  mlct  40^  17'  after  one  refle&ion. 
And  when  they  emerge  ^fter  two  re^ef^ions,  the  ^  effi- 
cacious incidei^  and  efmrrgent  rays  conuin  an  angle  of 
50^  57',  and  the  riolet  54*  f\  and  tl^e  intermediate  cor 
loured  rays  intqm^edia^e  angles^ 

12-  The  eye  is  in' tine  vertex  of  a  cone,  in  the 
furface  of  which  all  the  drops  )ie  which  render  the 
rays  of  any  one  colour  efficacious. 

Hence  die  bow  appears  circular.  The  a«is  of  the  cone 
is  direfted  to  the  fun,  and  hence  the  fun  is  dire&ly  oppo? 
(ite  to  jhc  cen^  of  the  bow. 

13.  The  apparent  femi-diameter  of  the  bow  15 
equal  to  (he  apgle  contained  by  th?  inpident  and 
emergent  rays. 

14.  The  apparent  femirdUmeter  of  the  bow  is 
equal  to  the  apparent  altitude  of  the  higheft  point 
of  the  bow  together  with  the  altitude  qf  the  fun's 
p?ntre  above  the  horizon. . 

3  A  Hence 
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Htnct  if  the  furt  and  {ptAAdr*^  ej6  be  k  die  hotiaon, 
^e  hcv9^  wiU  appear  an  eta^  femi-dr<^le ;  and  the  Tifible 
Segment  abote  the  honton  will  confinuaUy  dimtn}^  as  the 
altitode  of  the  iiin  inereafes,  until  at  Icagth^  when  that 
altstlxde  becomes  equal  to  42^  a^  the  primary  bow  ifrill  be 
in^ifible :  and  for  the  fame  reafon,  no  fecondary  bow  can 
\ie^  obierved;  unkfs  the  altitude  of  the  fun's  centre  ahcy?  e 
-diq  bc»:izoh  be  le£s  than  54^^  f 


LECTURE 
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LECTURE    XIL 


I,  XF  homogeneal  nyj  iffue  from  an  object  placed 
in  .th^  axis  pf  a  coavex  lens,  the  extrenje  image, 
or  th^  which,  is  formed  by  the  rays  tranfmittcd 
through  the  extremity  of  the  ap«erture,  will  be 
nearer  to  the  lens  than  the  principal  image,  or 
that  which  is  reprefented  by  the  rays  neareft  to  the 
axis. 

2.  If  parallel  homogeneal  rays  fall  perpendicu- 
larly on  the  plane  fide  of  a  planp-conve_x  lens,  the 
longitudinal  aberration  will  be  to  the  verfed  fine  of 
the  arch  intercepted  between^  the  point  of  ind» 
dence  and  the  axis,  as  the  fquare  of  the  fine  of 
refraction  to  the  rectangle  under  the  fine  of  inci-» 
dence  and  the  difference  pf  the  fines  very  nearly. 

3  A  a  Fig. 
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•  Fig.  ip.  When  the  rrfra&ion  is  made  ffoiA  H  denfer  to  a 
tarer  medium,  the  focus  F  ^  At  itftz&cA  ray,  in  Ac  axis 
CF,  lies  between  the  furface  and  the  principal  focus  P; 
with  the  centre  F  and  radhis  Fji  defcribe  the  atch  AK, 
and  let  fall  like  perpendicttlar  >f Gy  Theft  CF  is  to  AFor 
KFy  as^the  fine  of  refra£iion  to  the  fine  of  incidence,  or 
as  r  to  f  ^  that  is,  for  the  fame  reafon,  as  CP  to  VP-^ 
therefore,  {CF  —  CP)  PF :  (KF ^  FP)  KF ^  PF :: 
CPiVP'.zrii^i  9niPF  7  KF  i  i  r:r^  i.  But  KG 
?GV  i  7  CF  :  FK',  whence  cbnjoinfl^  KF  :  GF  :  7 
{CF -f  FK)  CFiFK:  :  r  :  i ;  then  by  compounding  this 
and  the  fol^egoihg  proportion,  we  have  PF  :  GF  :  :  r«  : 

3.  If  /  :  r  as  the  fine  of  incidence  to  the  fine  of 
refraction  out  of  the  deiifcf  into  the  riafer  mcdidm, 
$  the  fine  of  half  tlic  aperture  of  the  tens,  R  the 
fadius  of  curvature,  and  J  the  principsd  focial 
length,    theii  the  lotigitudirial'  aberration  will  be 

equal  to  .=£= — ^X    -p»or.    ■■  ^,   X    —y 

For  the  longitudinal  aberration  = X  GF-j  but 

GF^d^,  and  Cr=  L:^'  x  TPj  therefore  the  a- 
bcrration  ^z  -i^iju^r  X  ». 

4.  The  lateral  aberration  will  be  equal  to  jI^ 
X  -— ,  ofto  —X 


U^'        r'2R 


ft 
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For  let  the  rcfraftcd  ray  produced  cut  tKc  Uric  Px,  per-i 
pcfndicular  to  the  axis^  in;»;  then  the  lateral  aberration 
JP^  :  JPjF  :  :  AG  :  GF  or  rP,  nearly. 

5 .   Wbtn  the  radius  of  curvature,  or  the  focal 
length  is  given,  the  longitudinal^ibefratidns  are  as 
the    fqiiares,    and   the   lateral   aberrations  as  the 
cubes  of  the  linear  apertures  of  the  refraclifig  fur- 
face,  6t  of  a  plano-convex  lens  whofe  plane  fide 
is  turned  towards  the.  incident  parallel  rays. 

6.  The  diameter  of  the  leaft  circle  of  aberra- 
tion is  equal  to  one  fourth  6f  the  diameter  of  the 
(:ircle  of  aberration  at  the  principal  focus. 

Fig.  ao.  Let  the  refrafted  ray  NT  meet  the  axis  in  T, 
and  the  extreme  ray  jtF  in  S :  draw  SO  perpendicular  to 
P'P,  Px  being  the  lateral  afcerratitfn  at  ike  principal  focus 
P.    Then,  (uppoGng  the  ray  jix  fixed,  as  ttc  point  of  m- 
cicltnce  N  moves  from  the  vertex  F,  the  perpendicular  SO 
•will  firft  incr^eafc,  becaufc  the  arigle  KTN  iricrcafei,  and 
afterwards  it  will  dccreafe,  becaufe  th6  line  i^ Continually 
decreafes ;  and  when  SO  is  gfeateft,  it  is  evident,  tliat  all 
the  rays,  on  the  fame  fide,  will  pafs  through  it ;  and  tlien 
the  circular  fe£ibn  of  all  the  rays,  in  the  point  0,  will  be 
the  kaft  poffible.     Now,  by  fimilar  triangles,  TO :  SO  :  : 
TE  or  FG  :  EN  or  GAf ;  and    SO  :  FO  :  :  JG  :  FG^ 
therefore,  ex  aequo,  TO  :  FO  :  :  AG  :  GM\  and  by  com- 
pounding,  TF I  FO  : :  AM  :  GM.     Again,    PF  :  PT :  y 
AG^  :  GM^  (Art.  5.)  and  by  divifion,  PF :  TF  :  :  AG^ : 
AM  X  BM'y  but  we  had  TJ^i  FO  : :  AMiGM,  and  FO 

:30 
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:S0  ::  FG:  AG  y  thetefore,  ex  aequo  and  by  compounding, 
PF'.SOi:  JGX  FG:  BM  X  GM.  But  PF,  AG  and 
FG  are  given  quantities,  therefore  SO  i«  greateft,  Tx4>en  BM 
X  GM  18  grcateft,  that  is,  when  BM  =  GM.  And  (incc 
TO:FO::AG :  GJkf  :  :  2  :  i,  and  PT":  PP  :  :  GM^  • 
^G*  : :  I  :  4,  it  follows,  that  SO  :  P*  :  :  PO  :  PP:  :  1 14. 

7.  The  aberration  arifing  from  the  fphcrical 
figure  of  a  lens  is  as  the  cube  of  the  angle  in  which 
the  extreme  pencils  of  the  field  are  infleftcd,  when 
the  focal  length  is  gjven. 

For  when  the  focal  length  is  given,  the  refra&ion  is  as 
the  aperture ;  hut  the  aberration  is  as  the  cube  of  the  aper« 
ture,  that  is,  as  the  cube  of  the  angle  of  refra£iion.     . 

8.  If  any  number  of  lenfes  of  a  given  aperture 
be  fo  combined  together,  as  that  the  whole  re- 
fradlion  ihall  be  equally  divided  between  tlieni, 
the  fum  of  the  aberrations  produced  in  this  com- 
pound lens  will  be  to  the  aberration  produced  in  a 
fmgle  lens  of  the  fame  focal  length,  as  unity  to 
the  fquare  of  the  number  .of  lenfes. 

Let  A  be  the  angle  of  refraction  produced  by  a  lens  com^ 
pounded  of  lenfes  whofe  number  is  »,  between  which  the 
whole  refradion  is  equally  divided ;  the  angle  of  jnefrac^ 

tion  in  each  lens  fcparatcly  z=  —  ;    and  the  aberration  in 

n 

Ao 
each  z=:.        \  therefore  the  aberration  produced  by  the  fin- 

gle  lens  is  to  the  fum  of  the  aberrations  produced  by  all 

A^ 

riie  combined  lenfes,  as  ^3  :  —  x  «:•«*•  i- 

p.  If 
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g.  If  parallel  rays  fall  perpendicularly  on  the 
plane  fide  of  a  plano-convex  lens,  the  convex  fide 
being  generated  by  the  revolution  of  an  hyperbola 
round  its  axis,  in  which  the  axis  is  to  the  interval 
between  the  foci,  as  the  fine  of  incidence  to  the 
fine  of  refraftion  out  of  glafs  into  air ;  the  ray  will 
be  refrafted,  without  aberration,  to  the  focus  of 
the  oppofite  hyperbola.  And  if  the  lens  be  a 
double  convex  generated  in  like  manner  by  two 
hyperbolas,  rays  flowing  from  a  radiant  in  the  fo- 
cus of  the  oppofite  hyperbola  of  one  of  them,  will 
be  refradled,  without  aberation,  into  the  focus  of 
the  oppofite  hyperbola  of  the  other. 

See  Ham.  Con.  Lib.  2,  Prop.  23.  If  the  radiant  be  not 
in  the  axis,  the  rays  ifluing  from  it  will  not  be  refrafted 
without  aberration. 

10.  If  parallel  rays  be  refleded  at  a  fpherical 
concave,  the  longitudinal  aberration  from,  the  geo* 
metrical  focus  is  nearly  equal  to  the,  fquare  of  the 
right  filie  of  half  the  aperture,  divided  by  four 
times  tlue  radius  of  curvature. 

Figj»2i.  Let  RA  be  the  incident  and  AF  the  reflefled 
ray,  and  P  the  principal  focus ;  with  ^  as  a  centre  dc- 
fcribe  the  arch  AJCy  and  let  fall  the  perpendicular  AG ; 
Cnce  the  verfed  fines  of  arches  are  as  the  fquares  of  their 
.right  fines  divided  by  their  diameters,  GK  :  GF :  ?CV\ 
JPA::2:x, nearly ;  and  GF  =  FKy  but  2  PF  =  2CF— 

2CP 
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iCP  =CK—CV^VK-GVi  therefore  f i?  =  ^ 

=  j^y>  nearly. 

1 1 .  The  lateral  aberration  is  equal  to  the  cube 
of  the  fine  of  half  the  aperture,  divided  by  twice 
the  fquare  of  radius. 

For  Px  :  PF  i.AG:  FG  or  i  CF,  ncarlj. 

12.  When  the  radius  of  curvature,  or  focal  lengti 
16  given,  the  longitudinal  aberrations  are  as  the 
fquares,  and  the  lateral  aberrations  as  the  cubes  ot 
the  linear  apertures  of  the  fpfjculum. 

13.  The  diameter  of  the  Icaft  circle  of  aberra- 
tion is  one-fourth  of  the  diameter  of  thccirdcot 
aberration  at  the  principal  focus. 

This  is  demonftrated  in  the  fame  manner  as  art  6. 

14.  If  the  focal  diftanccs  and  apertures  of  a  con- 
cave fpeculum  and  a  plano-convex  lens  be  both  the 
fame,  the  diameter  of  the  circle  of  aberration, 
caufed  by  the  figure,  will  be  thirty-fix  times  Icfs 
in  the  fpeculum  than  in  the  lens. 

For  by  Art.  4  and  11.  the  aberrations  in  the  lens  and 

fpeculum  arc  «  ^-  X  JL:  IL,  that  is,  Ke«»r.  S 

«nd  d  arc  given,  and  r :  1  : :  3  :  2,  as  36  :  r- 

15.  If  a  convex  lens  of  crown  glafs  be  expe 

to  heterogeneal  parallel  rays,  they  will  come  to  th^^f 

foci 
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foci  at  different  diftances  from  the  lens,  and  the 
focus  of  the  moft  refrangible  will  be  nearer  to  the 
lens  than  the  focus  of  the  leaft  refrangible  by  the 
zyl-  part  of  the  diftance  of  the  mean  refrangible 
rays. 

The  difference  between  the  diftances  of  the  foci  of  the 
leaft  and  moft  refrangible  rays  will  be  different  in  lenfes 
of  different  difperfive  powers.     See  Led.  16. 

16.  If  heterogeneal  rays,  flowing  from  a  lucid 
point  in  the  axis  of  a  convex  lens  of  crown  glafs, 
be  made  to  converge  to  points  not  too  remote  from 
the  lens,  the  focus  of  the  moft  refrangible  will  be. 
nearer  to  the  lens  than  the  focus  of  the  leaft  re- 
frangible, by  a  diftance,  which  is  to  the  2j{-  part 
of  the  diftance  of  the  mean  refrangible  rays,  as  the 
diftance  between  that  focus  and  the  lucid  point, 
is  to  the  diftance  between  the  lucid  point  and  the 
lens. 

Fig.  Z2.  Let  R  be  the  focus  of  incident  rays  on  the 
lens  C,  ^the  conjugate  focus  of  the  moft  refrangible,  and 
F  of  the  leaft  refrangible  rays,  T  the  principal  focus  of 
the  moft,  and  P  of  Ac  leaft  refrangible  ra,ys,  coming  'in 
the  contrary  direftion ;  then  RP  :  RC :  :  RC  :  RF,  and 
'  RC  :  RT :  :  R^:  RC,  therefore  RP:RT::R^  :  RF, 
and  PTiRT::  ^FiRFi  but  PT  =  V7  T'C,  therefore 
^-F:^V  TQi'.RF'.RT',  alfo  TC  :  ^C  :  :  RT :  RC, 
therefore  ^F  :  .?_.  ^C  ::RF:  RC. 

17.  The  extreme  image  of  an  objedl  formed  by 
3  B  a  convex 
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a  convex  lens  is  coloured  and  indiftiilA,  if  the 
proportion  of  the  diameter  of  the  aperture  to  the 
principal  focal  length  exceed  a  certain  limit. 

18.  The  diameter  of  the  leaft  circular  fpace  into 
which  a  convex  lens  of  crown  glafs  can  colle<9:  all 
forts  of  parallel  rays,  is  about  the  ^j  part  of  the 
whole  linear  aperture* 

19.  The  angle  of  aberration  Varies  as  the  dia- 
meter of  the  aperture  diredly,  and  the  focal  length 
inverfeljr, 

20.  The  diameter  of  the  circle  of  aberration, 
caufed  by  the  fphericalnefs  of  the  figure  of  a  lens, 
is  inconfiderable,  when  compared  with  that  which 
arifes  from  the  unequal  refrangibility  of  the  rays. 

The  lateral  aberration,   at  the  principal  focus,  arifing 

from  the  fphericalnefs  of  the  figure  =  -_ -  x  — ^r- »  hut  the 

I*       2ic» 

diameter  of  the  leaft  circle  of  aberration  is  half  this  quan- 

r^         S3 
tity,  and  therefore  =  -— -  X  sT  >  l^t  r  be  to  * :  r  31 :  20, 

5=2  inches,  R  =  600  inches,  then  the  diameter  of  the 

Iteaft  circle  of  aberration  =  — -^ — ^ rz  — ^i 

20^X4X600*  72000000 

of  an  inch.     But  the  diameter  of  the  leaft  circle  of  aber* 

ration,  arifmg  from  the  unequal  refrangibility  is  =  -♦-  of 

an  inch ;  hence  the  former  aberration  is  to  the  latter  as 

1  to  5449. 

21.  the 
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.  21,  The  density  of  the  rays  ii;i  any  point  of  th^ 
circle  of  aberration  is  diredly  as  its  diflance  from 
the  circumference^  and  inverfely  as  its  diflance 
from  the  centre. 

Fig.  23.  For  fuppofing  the  hcterogcncai  rays  that  are 
refrafted  at  the  points  A,  B  in  the  periphery  of  the  lens, 
to  be  fpread  uniformly  over  the  line  PS^  the  diameter  of 
the  circle  of  aberration  \  the  rays  tranfmitted  through  every 
other  point  Iq  that  annulus  will  be  alfo  fpread  uniformly 
over  lines  aU  equal  to  PS^  and  interfe£ling  one  another 
in  O'j  fothat  the  whole  light  tranfmitted  through  the  an-r 
nulus  whofe  diameter  is  AB^  will  be  fpread  over  a  circle 
whofe  diameter  is  PS\  and  the  denfity  of  the   light,  in 
any  point  of  this  circle,  will  be  reciprocally  as  the  dif- 
tance  from  the  centre.     Now  if  the  yrhole  circi^lar  aperture 
of  the  lens  be  fuppofed  to  be  divided  into  an  indefinite 
number  of  concentrical  annuli  of  evanefcent  breadth,  the 
light  emitted  through  each  will  be  difRifed  over  a  circle 
whofe  diameter  is  in  a  given  ratio  to  that  of  the  annulus^ 
and  therefore  is  proportional  to  it;  the  quantity' of  light 
therefore  in  eaph  circle  of  aberration,  generated  by  each 
annulus  feparately,  is  as  the  annulus  dire£^ly,  that  is,  as  its 
radius ;  therefore  the  mean  denfity,  or  the  denfity  in  cor- 
refponding  points  in  different  circles,  which  i$  as  the  quan- 
tity of  light  direflly,  and  inverfely  as  the  fpace  it  occupies, 
will  be  inverfely  as  the  radius :  and  fince  the  denfity  in 
each  circle  feparately  is  inverfely  as  the  diflance  from  the 
centre,  the  denfity  in  difierent  circles,  at  equal  diftances 
from  tlie  centre^  is  equal.     Let  CD  be  the  diameter  of  the 

3  B  2  circle 
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circle  of  aberration  conrefpondent  to  the  aperture  jBjF',  all  the 
annuli  between  A  and  E  throw  their  light  on  the  point  C; 
therefore  the  deniity  of  the  rays  in  C^  which  is  as  die  number 
of  circles  intermixed  there  and  the  denfity  in  each  con- 
jointly, will  be  as  AE  or  PC  direiily,  and  CO  inverfclj; 
that  is,  the  denfity  in  any  point  C,  is  to  the  denfity  in  tk 
middle  point  of  the  radius,  as  PC  to  CO. 

22.  The  whole  quantity  of  light  withia  any  interi- 
or circle  of  aberration,  is  to  the  quantity  of  Jightin 
the  whole  circle  of  aberration,  as  the  difference 
between  the  fquares  of  the  radius  of  the  circle  of 
aberration  and  of  the  interval  between  the  co/ice/i- 
tric  circles  to  the  fquare  of  the  aforefaid  radius. 

Fig.  24.  For  the  quantity  of  light    in   the  annulus  of 
cvanefcent  breadth  whofe  radius  is  OCy  is  as  the  annu/us 

PC 
and  the  denfity  of  light  conjointly,  or  as  OC  X  -w^f  ^^ 

is,  as  PC;  the  quantity  of  light  therefore  in  the  who/e  an- 
nular fpace  whofe  breadth  is  PC,  is  as  the  fum  of  all  the 
PC,  that  is,  as  PC^  ;  therefore  the  quantity  of  light  m 
the  circle  PO  is  to  the  quantity  of  light  in  the  circle  CO, 
as  P0»  to  PO'^—PC^. 

As  the  aberration  caufed  by  the  unequal  rcfrangibility  of 
the  rays  is  fo  great,  it  might  be  expefted  that  an  iniag*^ 
could  not  be  formed  fo  free  from  colour  as  we  find  it ;  out 
from  the  two  laft  articles  we  fee,  that  the  light  is  not  uo'- 
formly  diflTufed  over  the  circle  of  aberration,  but  is  v^ff 
rare  at  the  circumference,  and  very  denfe  towards  the  cen- 
tre ;  fo  that  thofe  rays  only  which  are  near  the  centre,  are 
ftrorig  enough  to  affeft  the  eye.  ., 
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LECTURE    XIII. 


1 .  Vision  is  performed  by  the  rays  of  light, 
whicli  iffuing  from  any  point  of  an  objeft,  and 
falling  on  the  eye,  arc  made  by  their  refraftion,  in 
pafling  through  the  humours  which  it  contains, 
to  converge  to  fo  many  points  on  the  back  part  of 
the  eye,  and  there  paint  an  image  of  the  objed. 

The  eye  is  perfeftly  globular,  except  that  the  fore  part  is 
a  little  more  convex  than  the  reft.  It  confifts  of  three  me- 
diums or  humours ;  that  in  the  front  is  a  tranfparent  fluid 
like  water,  and  is  therefore  called  the  aqueous  humour ; 
the  next  Is  called  the  cryftalline  humour,  which  is  denfer 
than  the  aqueous,  and  in  its  figure  refembles  a  double  con- 
vex lens,  having  its  back  furface  of  the  greater  curvature  ; 
the  hindermoft  is  the  vitreous  humour,  and  its  denfity  is 
lefs  than  that  of  the  cryftalline.  The  whole  globe,  ex- 
cept the  fore-part,  is  furroundcd  by  three  coats.  The  ex- 
terior 
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tcrior  coat,   called  the  fclerotica,  is  propagated  over  the 
whole  eye,  and  is  white  on  the  anterior   part,  except  x 
fpherical  portion  in  front,  where  it  becomes  tranfparent, 
and  is  called  the  cornea.     Next  within,  and  adherent  to 
this  coat,  is  the  choroeides;  where  it  joins  the  cornea,  itb 
drawn  acrofs  through  the  aqueous  humour,  dividing  it  into 
two  chambers;  this  part  of  the  choroeides  is  called  the 
Uvea  or  Iris ;  in  its  centre  is  a  perforation  for  the  admif- 
fion  of  the  rays  called  the  pupil ;  this  aperture  the  cjc  has 
a  power  of  contrafting  or  enlarging,  for  the  admii&on  of 
lefs  or  more  light,  as  the  circumftances  of  vifion  may  re- 
quire.    The  cryftalline  is  fufpended  by  a  mufcle  called  the 
Proceflus  Ciliares,    and  fometimes  the    Ligamentum  C- 
liare^     The  third  and  inmoft  coat  of  the  eye  is  the  retina ; 
and  is  a  fine  expanfion  of  the  optic  nerve,  which  t2kmg 
its  origin  in  the  brain,  is  inferted  at  the  bottom  of  the  eye,» 
and  fpreads  like  a  network  over  the  infide  of  the  chorp- 
cldes.    The  feveral  coats  and  furfaces  of  the  humours  are 
fb  fituated  as  to  have  one  ftraight  line,  called  the  axis  of 
the  eye,  perpendicular  to  them  all. 

2.  All  the  humours  of  the  eye  contribute  or- 
derly to  produce  a  convergence  pf  the  rays. 

3.  The  image  formed  on  the  retina  is  inverted. 
Though  the  image  is  inverted,   yet  the  objed  appears 

ere£l,  becaufe  inverfion  is  relative  *,  and  therefore  fince  the 
images  of  all  objeAs  preferve  their  relative  pofition  on  the 
fund  of  the  eye,  no  inverfion  is  perceived. 

4.  Though  there  are  two  images  formed,  pne  on 

the 
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t-lie  retina  of  each  eye,  yet  objeds  do  not  appear 
double. 

It  feems  that  we  difcover  the  unity  of  objeds^  in.  the 
fame  manner  as  we  difcover  that  they  are  diftant,  that  is,  by 
experience. 

5»  An  objed  appears  fituated  in  that  place,  from 
which  the  rays  laft  of  ail  diverge  in  coming  to  the 
fpedators  eye. 

6.  The  eye  is  endued  with  the  power  of  varying 
its  refradive  power. 

7.  The  power  of  feeing  diftindly  at  different 
diflances  docs  not  depend  on  the  chryftalline. 

This  is  evident  from  the  experiments  made  on  a  perfoil 
iNfho  had  been  couched  for  a  catara£l:,  and  by  the  afliftance 
of  the  fame  convex  lens,  applied  to  that  eye,  could  fee  dif- 
tindly at  different  diftances. 

8.  The  tfe  of  the  chryftalline  feems  to  be  to 
corred  the  fpherical  etrors  of  the  eye,  and  to  in- 
creafe  its  refradive  powef. 

9.  The  power  of  feeing  diftindly  at  different 
diftances  does  not  depend  on  any  change  in  the 
general  form  of  the  globe  of  the  eye. 

See  Phil.  Tranf.  1794,  Hunter's  Ledure. 

10.  The  cornea  is  made  up  of  laminae,  and  is 
clattic. 

,  When  ftretched,  it  is  capable  of  being  elongated  ^^ 
part  of  its  diameter^  contrading  to  its  former  length  imme^ 
diately  when  the  expanding  force  is  removed. 

II.  The 
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ir.  The  power  of  feeing  diftindly  at  different  | 

diftances  depends  on  the  change  in  the  figure  0?  \ 
the  cornea,  it  being  rendered  more  conrex  in  fee-  J 
ing  nearer,  than  in  feeing  more  remote  objeAs. 

This  change  of  figure  is  rendered  manifeft,  by  obfenr- 
ing  die  profile  of  die  cornea  widi  a  microfcope.  This 
change  is  cScGttd  by  die  tendons  of  die  four  ftraight  Taut- 
cles  of  die  eye,  which  are  continued  on  to  the  edge  of  the 
eomea,  and  terminate  or  are  inferted  in  its  external  lamina, 
fo  that  its  aftion  extends  fo  far. 

12.  The  diftance  of  objefts  is  judged  of  by  va- 
rious circumftances,  which  take  place  in  various 
cafes. 

The  change  of  conformation  in  the  cornea  is  one  of  die 
means  by  which  we  judge  of  fmall  diftances,  for  this,  be- 
ing an  animal  a£lion,  is  capable,  in  confequence  o£  ha- 
bit, of  fuggefting  to  the  mind  the  different  diftances  of  ob- 
je£ts.  In  optical  inftruments,  where  the  in»iges  of  objeds 
are  viewed  with  one  eye,  this  information  is  probably  the 
caufe  which  fuggefts  the  diftance  of  thefe  images  y  and  that 
the  eye  fees  them  in  that  place  whence  the  rays  proceed, 
which  enter  the  eye  from  the  feveral  parts  of  the  image. 
But  this  method  of  eftimating  diftance  will  not  ferve  us 
much  beyond  twenty  or  thirty  inches.  2.  The  inclination 
of  the  Optic  axes  of  the  eyes  is  another  more  certain  me- 
thod of  eftimating  diftance.  This  method  extends  to  about 
five  or  fix  feet ;  beyond  that  extent  the  differences  of  the 
optic  angles  are  fo  fmall  as  to  become  infcnfiblc.  That 
this  gaufe  really  operates,  appears  from  this,  diat  we  judge 

of 
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cf  diftanee  more  acourately  with  both  eyes,  than  with  om 
latdj.  3.  The  length  of  the  ggomd  plane,  or  the  number 
.of  intenrening  objeds  perceived  in  it.  Hence  an  afcend^ 
ing  plane  appears  longer  than  a  level  plane  of  the  fame 
extent.  4.  The  angk  under  which  an  obje^l  appears, 
whofe  magnitude  is  Cappofed  to  be  known;  or  if  in  mo*, 
tion,  though  not  Mown,  the  variation  of  that,  angle.  5. 
All  other  things  being  the  fame,  different  colours  and  de^ 
grees  of  brightnefs  of  objefts  fuggeft  a  difference  of  difr 
tance. 

13,  The  aberratiooarifing  from  the  difTerent  re* 
frangibiltty  of  the  rays  of  light  on  the  retina  is  fo 
fmall  as  to  be  imperceptible. 

Dr.  Maikelpe,  in  the  I^hilofophical  Tranfaflions  for 
1 789,  has  computed  the  diameter  of  the  circle  of  aberration 
upon  the  retina,  and  found  it  to  be  ,002667  of  an  inch,  a 
quantity  too  fmall  to  be  perceived. 

14,  The  natural  vdefedts  of  fight  arc  either  that 
the  rays  converge  behind  the  retina,  or  bpfore  they 
arrive  at  it. 

Thofe  who  labour  under  tlie  firft  fpecies  of  defective 
^ght  are  called  Prefbytx}  thofe  who  labour  under  the  latter 
are  called  Myopes. 

15,  Myopes  corrpft  the  defedt  in  their  fight  by  a 
concave  lens ;  Prefbytse  by  a  convex  lens. 

Fig.  25,  26.  The  radius  of  curvature  of  the  convex  or 
concave  lenfes  for  thefe  purpofes  fhould  be  equal  to  the  pro- 
duct of  the  diftances  of  diftinct  vifion  from  the  naked  and 
armed  eye,  divided  by  their  difference.     Thus  let  LC  be  the 
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leaft  djftancc  with  which  a  long  fighted  perfon,  or  the 
greateft  at  which  a  nearsighted  pcrfon  can  fee  d^ftincdy^ 
and  itVe  required  to  find  FC  the  radius  or  focal  length  of  t 
double  convex  or  double  concave  lens,  which  0iaU  enable 
him  to  fee  diftinctly  at  the  diftance  AC  :  let  J^  be  the  prin- 
cipal focus  of  the  lens  \  then  AF :  AC : :  AC  :  AL,  there- 
ioTtAF±  ACorCFiAC:iAC±AL  oxLCiAL,  that 
m  — -^C  X  LC 
^^ ^L— 

16.  If  a  perfon  can  fee  an  objeft  diftiriaiy  at  two 
diftances  whercQf  one  is  double  the  other,  an  equal 
alteration  made  \n  thp  refraftivc  power  of  the  eye, 
will  enable  him  to  fee  the  Qb|e£^  didindlly  at  an 
infinite  diftance. 

Hence  a  ihort-fighted  perfon  can  fee  diftincdjr  at  aji  diC^ 
tances  with  a  fingle  cqncave  of  a  .proper  figure. 

17.  The  lead  angle  which  the  parts  of  a  com- 
pound objeft  diftlnftly  vifible  fubtend  at  the  eye, 
i^  about  4  5<' :  and  the  leaft  angle  fubtended  by  a 
iimple  black  objeA  on  a  white  ground  is  about  2\ 
at  a  medium. 

To  the  generality  of  eyes,  the  neareft  diftance  of  diftinct 
vifion  is  about  7  or  8  inches ;  hence  if  we  take  7  inches  for 
that  diilancCy  and  a'  for  the  leaft  vifible  angle,  a  globular 
object,  of  lefs  than  about  the  ~J-.  part  of  a^i  inch,  opinot 
befeen.   .       .       • 
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LECTURE    XIY. 


i  .  ip  i  convex  lens  be  expofed  to  different  radiants^ 
not  very  remote  from  each,  other,  their  images  will 
be  formed  with  fufficietlt  accuracy,  but  inverted, 
on  i  fcreen  placed  in  their  focus. 

On  this  prihcipte  is  conftructed  the  camera  obfcura.  If 
the  focal  length  of  the  lens  be  too  great,  the  image  will  not 
be  fufficiently  bright ;  if  it  be  too  fliort,  the  difierehce  be- 
tween tlie  focal  diftances  of  the  colours  will  be  {6  great  a3 
to  render  the  picture  confiiled. ,. 

2.  If  a  minute  objed  be  placed  in  the  principal 
focus  of  a  lens  of  very  fmall  focal  length,  when 
feen  through  the  lens,  it  will  appear  magnified  and 
diftinft. 

This  is  the  fingle  niicrofcopc*  The  angle  under  which 
the  object  appears^  will  be  to  that  which  it  fubtends  wheu 
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feen  by  the  naked  eye,  as  the  diftance  at  which  it  is  viewed 
by  the  naked  eye  diftinctly,  to  die  principal  focal' lepgth  of 
the  lens. 

3,  A  minute  objed,  placed  af  the  diftance  of 
half  a  radius  from  the  furface  of  a  very  fmall  glafs 
fpherule  will  appear  magnified  and  diftin£t. 

The  magnifying  po^nrer  of  fudi  a  fpherule  is  equal  to  that 
of  a  lensi  whofe  focal  length  is  equal  to  a  femidiameter 
and  an  half' of  the  fpherule. 

4.  If  an  objedt  be  placed  a  little  beyond  the  prin- 
cipal focus  of  a  convex  lensy  there  will  be  formed  a 
large  inverted  image  in  the  conjugate  focus,  and  if 
another  convex  lens  be  placed  at  its  focal  diftance 
from  this  image,  it  will  appear  very  much  magni- 
fied and  diilind. 

This  is  called  a  compound  microfcope;  the  tens  turned 
to  the  object  is  called  the  object-gbfs,  and  that  next  the  eye 
is  called  the  eye-glafs.  In  this\  microfcope,  the  linear  mag- 
nifying power  is  equal  to  the  leaft  diftance  of  diftinctvilion 
multiplied  by  the  diftance  of  the  image  from  the  object- 
glafsft  divided  by  the  product  of  the  diftance  of  the  object 
from  the  objeA-glafs  into  the  focal  length  of  the  eye-glafs. 
The  objed  appears  inverted,  becaufe  the  eye  looks  at  an  in- 
verted image. .  The  brightnefs  of  the  ohjcQ.  is  as  the  area  of 
the  objcft  glafs ;  and  the  field  of  view  as  the  area  of  the 
eye-glafs,  all  other  circumftances  being  the  fame. 

5.  If  an  objed  be  placed  between  the  principal 
focus  and  centre  of  a  concave  fpcculum,  there  will 

be 
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be  formed  on  the  other  fide  of  the  centre  an  en- 
larged image,  and  if  a  convex  lens  be  placed  at  its 
focal  length  from  this  image,  it  will  appear  magni- 
fied and  diftincft. 

This  is  called  a  reflefting  microfcopc.  The  angle  under 
which  the  object  appears  to  the  naked  eye,  is  to  the  angle 
under  which  it  appears  in  diis  microfcope,  as  the  rectangle 
under  the  diftanccof  the  object  from  the  fpeculum,  and  the 
focal  length  of  the  lens,  to  the  rectangle  under  the  diftance 
of  the  image  from  iht  fpeculum,  and  the  leafl:  diftance  of 
diftinct  yifion. 

6.  If  a  minute,  tranfparent  object,  illuminated 
by  the  rays  of  the  fun  or  a  lamp,  be  placed  be- 
fore a  fmali  lens,  at  a  little  greater  diftance  from 
it  than  the  principal  focus,  the  image  will  be  de- 
fcribed  on  a  fcreen,  placed  in  the  conjugate  focus, 
diftinct  and  magnified. 

On  this  principle  is  con{tru£led  the  Solar  Mlcrofcope, 
4nd  Magic  Lantern. 


LECTURE 
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i.lF  a  broad  eonvex  lens  be  turned  towards  a 
very  remote  objeft,  its  image  will  be  formed  very 
nearly  in  the  principal  focus  ,  and  if  between  the 
image  and  the  objeft  glafs  there  be  iitterpofed  a 
concave  eye-glafs,  whofe  diftance  from  the  ims^c 
may  be  equal  to*  its  own  focal  length,  the  objcft/ 
when  feen  through  this  combination  oi  lenfes,  will 
appear  diftinft  and  magnified. 

This  is  called  the  GallUean  teIefco|>e.  Its  length  is  equal 
to  the  difference  between  the  focal  lengths  of  tiie  lenfes. 
Its  magnifying  power  is  equal  to  the  focal  length  of  the  ob- 
jeft-glafs,  divided  by  that  of  the  eye-glafs.  It  fhews  ob- 
jefts  eredi,  becaufc  the  eye-glafs  intercepts  the  rays  before 
the.  image  is  formed  by  the  objeS-glafs ;  and  the  vifible  area 
or  field  of  view  is  as  the  magnitude  of  the  ptipil  of- the  eye, 

and 
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and  wUI  alfo  be  greater^  the  nearer  the  eye  is  to  the  glafs; 
^1  other  circumftances  being  the  fame, 

2.  If  a  broad  convex  lens  be  turned  towards  a 
very  remote  objeft,  its  image  will  be  formed  in  the 
principal  focus  ;  and  if  a  fmall  convex  lens  be 
placed  at  its  own  focal  diftance  from  this  image, 
the  objed:  feen  through  both  knfes,  will  appear 
diftinft  and  magnified. 

This  is  called  the  AftronQmical  Telefcope.  Its  length  is 
equal  to  the  fum  of  the  focal  lengths  of  the  lenfes.  Its 
ijnagnifying  power  is  equal  to  the  focal  length  of  the  objeA« 
glafs,  divided  by  that  of  the  eye-glafs.  It  fhews  objefis 
inverted,  which  however  is  not  attended  with  any  incon* 
venience  ii^  aftronomipal  obfi^rvations ;  and  the  field  of 
view  is  dire^Uy  ^s  the  breadth  of  the  eye-glafs,  and  in^ 
y.erfely  as  the  interval  between  the  lenfes. 

The  image  may  be  rendered  ereftby  the  addition  of  two 
eye-glafles  more ;  one  of  which  is  placed  at  twice  its  focal 
length  from  the  firft  eye-glafs,  and  the  dhird  or  principal  ^ 
eye-glafs  at  its  own  fopal  length  from  (he  fecond  image. 
A  telefcope  thus  con(lru£led  with  four  glafles  is  called  the 
Terreftrial  Telefcope.  The  eye  glafles  are  generally  of  the 
fame  focal  length,  in  which  ^afp  it  ihagniiies  as  the  aftro*^ 
npmical  telefcope, 

3.  The  perfeftion  of  dioptric  telefcopes  is  im^^ 
peded  by  the  different  refrangibility  of  light,  and 
the  fpherical  figure  of  the  lenfes. 

4.  The 
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4.  The  imperfcftion  of  the  objca-glafs  arifes 
principally  from  the  different  refrangibility  of  light ; 
and  of  the  eye-ghfs,  from  its  fpherical  figure. 

5,  If  the  rays  iffuing  from  a  very  remote  objca, 
fall  parallel  to  the  axis  on  a  concave  fpeculUm,  and 
being  intercepted  by  a  plane  fpeculum,  which  forms 
an  angle  of  45  *"  with  the  axis,  before  they  come 
to  their  focus,  be  reflefted  to  a  convex  lens,  placed 
at  its  focal  length  from  the  image,  the  objeft  will 
appear  diftinft  and  magnified.  . 

This  is  the  Newtonian  tclcfcopc.  Its  length  ig  eqnal  to 
the  focal  length  of  the  fpeculum.  Its  magnifying  power 
is  equal  to  the  focal  length  of  the  fpeculum  divided  by  the 
focal  length  of  the  eyc-glafs.  It  fhews  objeds  inrcrtedf 
smd  the  field  of  view  is  dire£Uy  as  the  Hnear  aperture  of 
the  eye-glafs,  and  inverfely  as  the  focal  length  of  the  fpew 
culum, 

James  Gregory  is  generally  fuppofed  to  have  been  the 
firft  who  conceived  the  idea  of  a  refleding  tekfcope,  of 
which  he  has  given  a  delineation  in  his  Optica  Proaaota, 
publiflied  in  the  year  1695.  ^^^  Newton  certainly  was 
the  firft  perfon  who  demonftrated  both  its  importance  and 
praflricability.  And  even  z$  tp  the  honour  of  having  firft 
fonceived  the  idea  of  this  excellent  inftrument,  Gregory 
muft  rcfign  it  to  the  Jefuit  Efkinard,  who  appears,  fo  early 
as  the  year  161 5,  to  have  diftinftly  defcribed  it  in  his 
Century  of  Optical  Problei^s.  It  is  alfo  to  be  remarked, 
that  Gregory  propofed  the  rcflefting  telefcope  merely  to 

remedy 
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remedy  the  fpherical  errors  of  Icnfes  ;  but  the  objc£l-glafle8 
of  telefcopes  are  too  iinall  a  portion  of  a  fphcre  to  make 
the  defefts,  aridng  from  their  figure,  fenfible. 

6.  i(  rays  from  a  very  remote  objeft  fall  perpen- 
dicularly on  a  large  concave  fpeculuni,  perforated 
in   the  centre,. and  after  forming  an  image,  they 
be   refledted  back  in  a  contrar}''  direftion  from  a 
fmall  concave,  fo  as  to  form  a  fecond  image,  the 
firft  image  lying  between  the  centre  and  principal 
focus  of  the  leffer  fpeculum,  the  objed  feen  through 
a  convex  lens,  placed  at  its  focal  diftance  fron^ 
the  fecond  image,  will  appear  diftinft  and  mag-r 
nified. 

This  is  the  Gregorian  telefcope.     It  (hews  obje£ts  ere£t, 

becaufe  the  number  of  real  images  is  even.     Its  magnify^- 

ing  power  is  as  the  produ£l  of  the  focal  length  of  the 

great  fpeculum  and  diftance  of  the  fecond  image  from  the 

principal  focus  of  the  fmaller  fpeculum,   divided  by  thp 

produfi  of  the  focal  lengths  of  the  fpialler  fpeculum  and 

eye-glafs.     The  field  of  yicw  is  equal  to  the  angle  which 

the  eye-glafs  placed  in  the  focus  of  the  great  fpeculum  fub- 

tends  at  the  centre,  diminiflied  in  the  ratio  of  the  diftance 

of  the  fecond  image  from  the  principal  focus  of  the  fmaller 

fpeculum  to  its  focal  lengdi. 

The  Caflegrain  conftruftion  is  the  fame  with  the  Gre-» 
gorian,  except  in  the  form  and  pofition  of  the  fmall  fpe-« 
culum,  which  is  convex,  inftead  of  being  concave ;  and 
i^  placed  before  the  principal  focus  of  the  great  concave^ 
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not  behind  it,  as  in  the  Gregorian.  The  principal  6bje£tion 
to  this  conftru£lion  confifts  in  the  difficulty  of  giving  the 
true  form  to  the  fmall  fpeculum.  For  in  the  Gregorian, 
the  great  fpeculum  ought  to  be  parabolic  apd  the  little  fpe- 
culum elliptic :  in  the  Caflegrain  the  great  fpeculum  ought 
alfo  to  be  parabolic,  h\x%  the  little  fpeculum  hypcibohc* 
Now  in  grinding  all  forts  of  concave  fpeculums  and  lenfesi 
it  is  found  by  ei^perience,  that  they  vary  from  the  fpheri- 
cal  to  the  parabolic  form,  or  even  go  beyond  it ;  and  that 
all  convex  furfaces  vary  from  the  fpherical  form  towards 
that  of  an  oblate  fpheroid,  next  to  one  of  its  poles.  Hence 
the  variations  from  the  fpherical  form,  which  ^rife  froin  the 
manner  of  working  them,  in  bofh  fpeculums  of  the  Gre- 
goriai^  telefcope,  lie  the  right  way  to  corre£t  the  errors :  but 
in  the  little  fpeculum  of  the  Caflegrain  form,  they  lie  the 
wrong  way,  and  tend  ^o  increafe  inftead  of  ^in^i^^ftung  or 
Cprre^ing  thei;a, 

7.  In  telefcopes  of  the  fame  length,  the  mag- 
nifying power  of  a  refleftor  is  mugh  greater  than 
that  of  a  refra^pr. 


LECTURE 
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LECTURE    XVI. 


I .  If  the  fine  of  incidence  be  to  the  fine  of  refrac- 
tion of  the  rays  of  niean  refrangibility,  pafling  out 
of  air  into  any  medium,  as  m  :  i  ^  of  the  violet 

rays  ^s  m  +  m  :  i  j  and  of  the  red,  as  «  —  m  :  i ; 
the  quantity  my  being  conftant  in  the  fame  me* 
dium,  is  aiTumed  as  a  meafure  of  the  diiEpating 
power. 

Thus  the  fine  of  incidence  is  to  the  fine  of  tcb^Stion  in 
the  rays  of   mean  refrangibility,   paffing  out  of  air  into 

common  glafc,  as  "Yt^  :  x  i  in  the  red  rays  as  -j^  :  x  >  and 
in  the  violet  as  j| :  i  j  wherefore  puttmg  ^^-j^  =  m^  wc 
have  11  ziz  m  +  mx  and  m  =  „.J.,.,. 

If  the  fine  of  incidence  of  red  rays,  paffing  out  of  air 

into  flint  glafs,  be  to  the  fine  of  refra^ion  as  1,^65  to  i  ^ 
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of  the  violet  as  ^^595  to  i  ;  then  the  ratio  of  refraction  in  the 
rays  of  mean  refrangibility  is  as  1,583  to  i ;  if  n  z=l  1,58, 
«  =  -.2^;  and  the  ratio  of  the  difpeffive  powers  of  flint 
and  common  glafs  will  be  as  .2.  :  >i..,  or  as  ^  :  2. 

2.  If  a  ray  of  fokr  light  be  refrafted  by  one 
furface  of  a  refradting  medium,  let  /  =  the  tan- 
gent of  refriaAion  of  the  rays  of  mean  refraiigibi-» 
Hty,  m  :  1  tht  ratio  of  refraftion  of  the  fame  rays, 
m  the  mcafure  of  the  diffipating  power ;  then  will 
the  angle  of  difperfion  be  fubtended  by  an  arc  = 

—  ,  radius  being  =±  i. 

Fig.  27.  For  let  -F^  be  the  incident  and  ^R  the.rc- 
frafted  ray ;  m  :  1  :  :  cof.  p  :  cof.  ^,  therefore  m  cot,  q.  z=r 
coLp,  where  q  and  m  are  variable,  andj^  conftant-,  there- 
fore m  cof.  a  —  mg  fin.  at  =  6  j  aild  mq^z  -— — li  and  qz=i 
^  nn.  q 

iZ  -:=.  —  ;  where  q  denotes  the  variation  of  the  ai> 

rn.  (in.  q        m 

gle  q  \  and  as  this  is  equal  on  both  fides  of  the  mean  ray, 

on  one  fide  by  die  red,  and  on  the  other  by  the  violet,  the 

whole  difperfion  will  be  equal  to . 

m 

Thus  if  a  folar  ray  impinge  on  a  furfac<;  of  common 

glafs  at  an  angle  of  incidence  =  200 ;  then  will  the  angle 

of  rcfraftion  of  the  rays  of  mean  refrangibility  =  12^  44'  52'^, 

m  =  JuJli-L  =1,55  ^"^  ^^  =  — ^ — »  dierefore  the  angle  of 

50  100  ^ 

difperfioA 
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<lirpcrfion==li?^?Jili^?^'=:io'3/',  radius  being  t. 
100  X   1,55 

Sec  Euler's  i)ioptrics,  and  Atwood's  Analyfis. 

3 .  The  powers  of  diffipation  ami  refradlion  of 
different  refrafting  fubflances  may  be  thus  deter- 
mined :  fuppofe  a  folar  ray  to  pafs  through  a  prifm, 
the  refrading  and  diflipating  powers  of  which  are 
required,    impinging  perpendicularly  on  the  firft 
furface  -,  let  the  angle  of  diffipation,  and  the  angle 
of  refraction  of  the  middle  rays  be  accurately  mea- 
lured,  and  let  d  —  the  meafure  of  the  angle  of 
diffipation,  /  =i   the  tangent  of  refraftion,  radius 
being  =  i  ;  the  angle  of  incidence  on  the  fecond 
furface  will  be  =  the  refracting  angle  of  the  prifm, 
and  the  ratio  of  refraction  is  determined  by  mea- 
furemenf  j  if  this  be  as  «  :  i,  then  the  meafure  of 

the  diffipating  power  i  =  — ^ 

2/ 

For  d  =:  — ,  and  therefore  «  zz  — 

4.  If  a  ray  of  folar  light  be  refracted  througli 
two  furfaces,  inclined  to  each  other,  as  are  the 
fides  of  a  prifm,  whofe  refracting  angle  is  a;  and 
if  the  complement  of  the  angle  of  refraction  at 
the  firft  furface  be  y,  and  the  complement  of  the 
angle  of  refraction  at  the  fecond  furface  =  r,  then 
wilt  the  angle  of  diflipatioif,  at  which  the  violet 

and 
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and  red  rays  are  inclined  to  each  other,  after  re- 
fraction  at  the  fecond  furface,  be  i= 


fin.  q  X  tin.  r 
Fig.  28.  For  if  p  be  the  complement  of  the  angle  of  in* 
ddence  on  the  firft  furface^  then  m  :  i  :  :  cof.  p  :  cof.  f » 


and  therefore  m  cof.  q.  =  cof.  p.  and  i  :  m  : :  cof.  q  —  a 

I  cof.  r,  and  therefore  m  cof^  q-^a  =  cof.  r ;  in  which  equa- 
tions^  q^  r,  and  m  are  variable,  and^  and  a  conftant ;  then  tak« 
ing  the  fluxions  of  thefe  equations,  m  cof.  ^  — -  m;  fin  f  1=1 


o*  and  m  cof.  j'  —  a  ^^  tftq  fin  q  -^^  a  t^  — r  fin.  r.     From 

the  firft  equation,  mq  zz:  --7 — —'9  and  from  the  fecond  m 

fin.  q 


r   /«  cof.  fl'   X   fin.  fl' — a  .-  «        ^ 

cof*  a  —  fl ^ i r=  —  r  fin.  r.    But  fin. 

fin.  y 


q  X  cof.  J  —  ^  —  cof.  q  X  fin.  q*—a  =  fin.  y  —  q — az^ 

-              1       r       'w  fin.  a  .  ^  ,  .       —  m  fin.  0 

fin,  J  5  therefore :=  —  r  fin  r,  and  r — 


fin.  q  fin.  9  X  fin*  '^^ 

where  r  denotes  the  variation  of  the  angle  r.     And  the 
whole  difpcrfion,  when  m  —  m  is  fubftituted  for  the  red 

rays,  and  m  +  mlor  the  violet,  will  be  = ^!L-?*  1.  . 

fin.  q  X  fin.  r. 

Thus,  if  a  folar  ray  impinge  on  a  flint  prifm,  whofe  rc- 

frafting  angle  is   19®,  at  an  angle  of  incidence  =  id*' 

31'  J,  it  will  emerge  at  an  angle  of  refraftion  =:  50*  48' 

18";  here  m  =  rzo^  and  therefore  the  angle  of  diflipation 

after  emergence  =  ,oox.cof.  lo^  L'^S^^cot".  500  48-18" 
==  54',  radius  being  =  i. 

In 
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In  like  manner,  if  a  ray  of  folar  light  be  rcfrafted  through 
a  prifm  of  common  glafs,  whofc  rcfrafting  angle  is  30®, 
ivhen  the  rays  of  mean  rcfrangibility  pafs  parallel  to  the 
bafe,  the  angle  of  diffipation  will  be  39',  for  here  m  =• 
-i— ,  the  angle  of  refra£Hon  at  the  firft  furface  =  15^  or 
half  the  vertical  angle  of  the  prifm,  and  the  angle  of  re- 
r  frafkion   at  emergence  =  23®  39'  5"  \  therefore  the  angle 

of  diffipation  =  ^^^^^^^  ^^,^  J  ^^„  ^^>  ^„     =    38 

If  the  rays  fall  perpendicularly  on  the  firft  furface,  the  cof. 

of  refraflion  at  the  firft  furface  =  i ,  and  the  angle  of  refrac-« 

tion  at  emergence  =  50°  48'  1 8",  therefore  the  angle  of  diiS* 

2.  fin.  30*  ,     J, 

P''^'**"  =   ioox  cof.  51048' x8"  =  54  24  . 

5.  Two  prifms  made  of  different  kinds  of  glafs 
may  have  their  refrafting  angles  fo  adjufted,  that 
when  the  refrafting  angle  of  one  is  applied  to  the 
bafe  of  the  other,  a  ray  of  light  paffing  through 
them  (hall  have  its  incident  and  emergent  parts 
parallel,  and  the  emergent  part  fhall  be  coloured. 

This  arifes  from  the  difference  between  the  difperfive 
and  refrafliive  powers  in  different  kinds  of  glafs.  Thus  if 
the  vertex  of  a  flint  glafs  prifm,  the  refradling  angle  of 
which  is  23**  40',  be  applied  to  the  bafe  of  a  common  glafs 
prifm,  the  refradling  angle  of  which  =25*^,  a  ray  of  folar 
light  will  pafs  direfkly  through  the  prifms,  when  their  fur- 
faces  are  contiguous,  but  the  emergent  ray  will  be  colour- 
ed.   The  emergent  ray  is  parallel  to  the  incident  ray,  be- 

caufe 
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qaufe  in  the  given  circumftanccs,  the  mean  refraflive  powers 
are  equal  and  contrary ;  but  it  is  coloured^  bccaufe  in  the 
fame  circumftances,  the  difperfive  powers  ^re  unequal. 

6.  Two  prifms  may  be  applied  as  before,  and  the 
emergent  ray  (hall  be  free  from  colour,  but  not  pa- 
rallel to  the  incident  ray. 

For  as  the  mean  refractions  may  be  equal  andcontFanfy 
and  the  difperfions  unequal,  fo  the  difperfions  may  be  equal 
and  contrary,  and  the  mean  refra£^ions  unequal. 

Thus  if  the  vertex  of  a  common  glafs  prifm,  whofe  pe* 
framing  angle  is  30^,  be  applied  contiguous  to  the  bafe  of 
a  prifm  of  flint  glafs,  the  refrafling  angle  of  which  is  = 
1 9?.  a  folar  ray  being  refradied  through  them  will  deviate 
from  the  courfe  of  the  incident  ray,  but  will  not  be  fcr- 
pirated  into  the  coloured  rays. 

7.  Three  prifms  of  different  kinds  of  glafs  may 
have  their  refradling  angles  fo  adjufted,  that  when 
the  refradling  angle  of  the  intermediate  prifm  is  ap- 
plied contiguous  to  the  bafes  of  the  two  extreme 
ones,  a  folar  ray  being  refrafted  through  them  fliall 
emerge  colourlefs,  and  yet  deviate  from  the  courfe 
of  the  incident  ray. 

Thus  if  the  vertex  of  a  flint  glafs  prifm,  whofe  refrac- 
ting angle  is  23°  40'  be  applied  contiguous  to  die  bafes  of 
two  prifms  of  common  glafs  whofe  refrafting  angles  are 
rcfpedtively  25®  and  10°,  a  ray  of  folar  light  palling  through 
tjie  three  prifms,  and  emerging  at  an  angle  of  16^  5  7' will 
deviate  about  5*^  37'  from  the  courfe  of  the  incident  ray, 

an4 
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and  Will  be  colottrlefs%  f'or  the  two  common  glafs  prifms 
refn^ing  the  ray  in  the  fame  dircfkion,  would  caufe  it  to 
deviate  from  the  courfe  of  the  incident  ray,  about  5^  37' 
more  than  the  dcviatioit  in  the  contrary  dirc£kion  arifing 
from  refra£lion  through  the  flint  prifm  j  but  At  latter  by 
its  greater  diffipating  power,  exa£Hy  counteradis  the  re- 
paration of  the  rays  occafioned  by  refra&ion  through  the 
other  jwo  prifms. 

8.  The  refrafting  and  diffipating  powers  of  two 
knfes^  one  convex  of  common  glafs^  the  other 
plano-concave  or  concavo-convex  of  white  flint, 
being  given,  the  radii  of  the  furfaces  may  be  fo 
adjufted  to  each  other,  that  the  extreme,  princi- 
pal, and  intelrmediate  images  (hall  coincide. 

The  two  lenfes  mud  aA  on  the  rays  of  light  in  the 
fame  manner  as  two  achromatic  prifms,  arid  therefore  their 
refi^a£iions  mud  be  made  in  contrary  directions,  that  is,  the 
one  muft  be  convex,  and  the  other  concave  ;  and  as  the  rays 
are  to  converge  to  a  real  focus,  the  eicefs  of  refraction  muft 
be  in  the  cbnvex  lens.  Farther,  as  the  convex  lens  is 
to  refra£t  mod,  it  muft  be  made  of  crown  glafs,  whofe- 
refraftive  power,  in  equal  difpcrCons,  is  greater  than  that 
of  flint.  For  in  equal  refraAions,  the  difperfive  power  of 
flint  glafs  is  to  that  of  crown,  as  3  to  2 ;  and  the  fine  of 
incidence  is  to  that  of  refraCiion,  of  the  mean  rays,  in 
flint  glafs,  as  I5583  to  i ;  and  in  crown  glafs,  as  1,53  to 
I ;  the  difperfive  power  therefore  of  flint  glafs  exceeds  that 
of  crown  glafs,  in  a  greater  ratio  than  its  mean  refra£lion 
exceeds  the  mean  refra£tion  of  cro^m  glafs  5  and  therefore 
when  its  difperfion  is  equal  to  that  of  crown  glafs,  its  re« 
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fra£lion  wfll  be  lefs.     A  compound  Ici»  (jias  amfkruSicdy 
is  called  the  double  ob}e£fc  glais; 

9.  The  abcFration  arifing  from  the  fpherical  fi- 
gure of  the  lens  is  not  entirely  correfVcd  in  the 
double  objeft  gluft. 

10.  An  objeft  gkfs  may  be  compounded  of  three 
lenfes,  whereof  two  are  double  convex,  made .  of 
common  glafs,  enclofing.  a  double  concave  of  flint 
glafs,  fo  that  the  extreme  and  principal  images  of 
objefts  formed  by  it  (hall  coincide. 

In  the  double  obje£t  glafs  die  refni£Uon  of  the  conrex 
kns  beiog  gxtater  than  that  of  the  concave,  the  aberration 
arifing  from  its  fpherial  figute  it  aUb  greater  Am  tbat  of 
Ae  concSwre ;  but  in  the  triple  objedl  glafs,  the  refn&ion  of 
the  common  glaft  being,  equally  divided  between  two  len&s, 
the  ixrhole  aberration  of  the  convex  lens  is  fo  far  diminiflied 
as  to  beco^ie  equal  to  diat  of  the  fingle  concave  Iens» 

1 1 .  The  refrafting  and  diffipating  powers  of  the 
three  lenfes  which  conftitute  the  triple  objeA  gkfs 
being  given,  the  radii  of  the  fupfaees  may  be  fo  ad- 
jured to  each  other,  that  the  extreme,,  principal, 
and  intermediate  images  of'objefts  formed  by  it, 
ftiall  be  diftinA  and  coloyrlefs. 

The  fripfe  object  glafs  corre£is  the  difperton  of  the  rays 
on  the  fame  principle  with  the  three  achromatic  prifinsf 
and  at  the  fame  time  tfce  aberration  arifing  from  the  fphcri-> 
cal  fig,urc  is  wholly  removed*    Object  glafles  thus  conftnift- 
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ed  are  called  perfect  lenfes.  But  the  double  obje£t*glaf$ 
feems  preferable,  as  fo  much  more  light  is  loft  in  the  triple 
object  glafs  at  the  two  additional  furfaces. 

12.  Telefcopes  conftruded  with  achromatic  ob- 
jeft  glaflesy  arc  better  than  reflefting  telefcopes. 

More  light  is  loft  by  reflection  than  by  refractbn  through 

a  triple  object  glafs^  and  any  error  in  the  figure  produces  fix 

'  times  a  greater  effect  in  reflection  than  refraction :  hence 

ihc  image  formed  by  reflection  is  not  lb  diftinct  and  fliarp 

as  by  refraction. 

13.  The  indiftinftnefs  of  the  image  feen  through 
a  tclefcope,  occafioned  by  the  difperfion  at  the  ob- 
ject glafs,  is  the  fame  in  every  part  of  the  field  ; 
but  that  which  is  occafioned  by  the  eye-glafs  is  dif- 
ferent according  to  the  part  of  the  field  m  which 
it  is  feen. 

The  pencils  which  iflTue  from  each  point  of  the  obje^ 
are  diffiifed  over  the  whole  objeQ:  glafs,  and  therefore  the 
difperfion  of  the  image  of  every  point  of  the  obje£t  is  the 
fame,  in  whatever  part  of  the  field  it  may  be.  But  the 
pencils  which  ifiite  from  the  image  formed  in  the  focus  of 
the  object  glafs  are  not  diflFufed  over  the  entire  eye-glafsi 
each  pencil  falling  nearer  to  the  verge  of  the  eye-glafs,  the 
farther  it  is  from  the  centre  of  the  image.  Hence  alfo  it 
is,  that  varying  the  aperture  of  the  eye-glafs  varies  the 
field,  whereas  varying  the  aperture  of  the  obje£t  glafs  does 
not. 

3  E  z  14,  If 
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14,  If  the  plane  fide  of  a  plano-convex  eye^glais 
be  placed  near  the  image  formed  by  the  object 
glafs,  the  rays  will  emerge  free  from  any  colours 
generated  by  that  eye-glafs. 

15.  The  errors  arifingfrom  thefpherical  figure  of 
the  eye  glafs  may  be  corrected,  i.  By  increafing  the 
number  of  eye-glaflcs.  2.  By  giving  the  glaffes,  ef- 
pecially  thofe  which  are  concerned  in  forming  the 
lad  image,  large  focal  diflances  and  fmall  apetr 

tUFCS. 
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ELECTRICITY. 


Of  EJeSlricity  in  General. 


!•  Electricity  is  that  power  by  which  bo- 
dies, under  certain  circumftances,  attract,  and 
after  contact  repell  light  fubftances  placed  near 
them. 

Thus,  take  a  glafs  tube  an  inch  and  an  half  in  dianfieter, 
and  about  three  feet  long ;  rub  this  tube,  from  one  end  to 
the  other,  with  a  piece  of  dry  filk^  and  it  will  exhibit  Elec- 
tric appearances.    ^ 

2.  The 
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2.  The  caufe  of  eleftrical  phaenomena  is  a 
body. 

For  it  genei%tes  found  in  its  paiTage  from  one  body  to 
another^  produces  light,  heats  and  even  melts  metals,  ge- 
nerates a  phofphoric  fmell ;  excites  pain  &c  ^  it  is  therefore 
poirefled  of  properties,  and  is  confequently  a  body. 

3.  The  caufe  of  electrkal  pha^nomena  is  a 
fluid. 

For  when  a  quantity  of  eleftric  matter  is  communicated 
to  a  body,  every  part  of  which  is  equally  capable  of  re- 
ceiving it,  it  difFufes  itfclf  equally  throughout  that  body. 

Thus  if  a  body  be  placed  on  an  electric  ftand  and  com- 
jnunicate  with  the  prime  conductor,  every  part  of  it  will 
equally  exhibit  electrical  phaenomena. 

4.  The  electric  fluid  is  attracted  by  all  bodies. 
but  by  different  bodies  in  different  degrees. 

This  follows  from  its  being  a  body. 

5.  The  eledric  fluid  appears  to  be  heterc^ene- 
ous. 

Firft,  in  general,  in  combuftlon  the  prefence  of  oxygen 
is  neceflary ;  but  in  the  eledric  difcharge,  light  and  heit 
are  both  extricated  without  the  aid  of  oxygen ;  for  when 
the  difcharge  is  made  in  oxygen  air,  the  air  fufiers  no 
change  either  in  bulk  or  quality,  but  folely  in  an  increafc 
of  temperature  :  alfo,  the  electric  difcharge  c?tn  be  made  in 
fxed  air,  or  in  perfed  a2K>tic  gas ;  confequently  the  Ught  and 
heat,  manifefted  in  the  €k£lric  dilcharge,  are  extricated 
from  the  eleflric  fluid  j  therefore  fmce  the  capacity  of  the 

electric 
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tk&tic  fluid  for  retaining  light  and  heat  is  in- this  cafe  dimi^ 
i)i(hed,  this  cfkSt  maft  proceed  fn>m  the  union  of  difie-' 
rentgafesy  trhofe  capacity. for  retaining  light  and  heat,  when 
diey  are  combined  together,  is  lefs  than  when  they  are  fe- 
parate.     This  is  agreeable  to  an  experiment,  mentioned  by 
Mr.  Kirwan,  which  was  made  in  Holland :  filings  of  cop^ 
per,  mixed  with  fulphur,  were  put  into  a  fmall  glafs  vial, 
out  of  which  tlie  common  air  was,  in  fome  cafes,  exhauft-> 
cd,    and  in  others  the  yial  was  filled  up  either  with  fixed 
or  mephitic  air  %  it  was  then  heated  over  burning  coals ; 
upon  which  the  mixture  fwelkd,  fome  fulphur  fuUimed^ 
and  the  metal  became  red  hot,  and,  in  fome  cafes,  eveit 
with  inflammation }  on  which  Mr.  Kirwan  makes  the  fol- 
lowing  observations,    *<  In  thefc  circumftances,  I  think," 
fays  he,  '<  the  ignition  proceeded  from  the  excefsof  the  fpe** 
««  cific  heat  of  the  fulphur  and  copper  before  their  union, 
«  over  that  retained  by  them  after  their  combination."  Sec 
Miner,  vol.  a.  p#  509.  When  the  eleftric  difcharge  is  made 
in  atmofpheric  air,  there  follows  a  confiderable  diminution 
of  bulk  5  but  this  does  not  arife  from  the  abforption  of  any 
element  of  atmofpheric  air  by  the  eleftric  fluid;  but  by  the 
tmion  which  is  formed,  by  means  of  the  increafed  tempe-- 
rature,  between  the  bafes  of  oxygen  and  azotic  gas  j  whence 
true  nitre  is  formed,  as  appears  from  the  experiments  of 
Mr.  Cavendiih.     After  the  ele£t:ric  difcharge  has  been  of-^ 
ten  made  in  atmofpheric  air,  it  is  true  that  the  reGduum 
is  highly  noxious ;  but  this  does  not  arife  from  any  carbon 
(extricated  in  the  elcflric  combuftion,  nor  from  any  abforp- 
tion of  oxygen  by  the  eleflric  fluid ;  but  merely  from  the 

generation 
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generation  of  the  nitrous  acid,  in  which  oxygen  and  azot 
are  mixed  in  the  ratio  of  5  to  3 ;  fo  that  the  oxygen  being 
diminiflied  in  fo  much  an  higher  proportion  than  the  azot, 
the  azot^  towards  the  end  of  the  experiment,  becomes  very 
predominant.     2.  The  eleflric  fpark  taken  in  any  kind  of 
oil^  produces  inflammable  air.    Now  oil  confifts  of  hydro- 
gen, carbon,  and  oxygen,  without  the  intervoition  of  ca- 
loric to  bring  the  hydrogen  and  oxygen  into  die  ftate  of  gas. 
See  La7.  p.  166;  it  is  therefore  probable^  that  the  ele&ric 
fluid  parts  with  caloric  in  the  difcharge,  which  uniting  with 
the  hydrogen  forms  inflammable  air.     3.  In  excitation,  2 
phofphoric  fmell  is  produced  ^  which  is  probably  caufcd  by 
fome  of  the  volatile  particles  which  efcape  undecompofed^ 
in  the  feparation  of  the  two  gafes,  of  which  the  dedfaic 
fluid  confifts.     4.  Inflammable  air  is  fired  by  the  ele&ric 
difcharge.     5.  Metals  are  .made  red  hot,  and  even  meltecL 
6.  Metals  are  oxygenated  by  the  difcharge ;  but  they  diC- 
oxygenate  the  air  in  confequence  ojf  their  temperature  being 
increafed ;  the  increafe  of  temperature  therefore  is  previous 
to  the  extrication  of  caloric  from  it,  and  therefore  the  me- 
tals muft  be  heated  by  the  caloric  extricated  from  the  elec- 
tric fluid. 

64  The  electric  fluid  \%  received  from  the  earth. 

For  if  the  communication  of  the  elcftric  machine  with 
the  earth  be  cut  off"  by  placing  it  on  non*condu£lors,  it  will 
quickly  ceafe  to  exhibit  eledrical  appearances. 

7.  The  electric  fluid  is  comprefnblc. 

Let  a  metallic  cup  be  placed  on  an  dearie  ftand  j  lay  in 
the  cup  a  pretty  long  metallic  chain,  having  a  filk  thread 
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ti«d  to  one  end;  from  the  handle  of  the  cup  fufpend  a 
cork  ball  clearometer;  then  elcftrify  the  cup,  s^nd  the  balls 
of  the  eledlrometer  will  diverge.  If  in  this  fituation,  one 
end  of  the  chain  be  raifed  up  above  the  cup,  by  the  (ilk 
thread,  while  the  other  end  remains  in  it,  the  balls  of  the 
eleftrometer  will ,  converge  a  little,  and  more  in  proportion 
as  the  chain  is  raifed  higher ;  which  proves  that  the  electric 
matter  is  more  4enfe,  when  thefe  bodies  are  in  a  compad^ 
than  when  in  a  more  extended  form. 

On  this  principle  is  conftrufted  the  eleftrical  condenfer. 

The  contrary  of  this  article  is  maintained  by  M.  Marat, 
fee  his  Recherches  fur  rEledricite,  p.  35 — 40;  but  Van 
Swinden  does  not  think  that  his  experiments  invalidate  the 
pofition  here  laid  down. 

8.  The  energy  of  electric  action  varies  in  feme 
inverfe  ratio  of  the  rarity  of  the  electric  matter. 

9.  The  energy  of  electrified  bodies  is  proportional 
to  their  furfaces,  not  folid  contents. 


S 


For  let  ABCD  be  the  eleftrified  body,  and  Ax  the 
fpace  through  which  the  attra£kion  of  the  body  on  the  elec- 
tric matter  a£fcs  *,  any  particle  of  the  electric  matter  at  x, 
or  below  it,  will  have  equal  attradtiye  forces  above  and 
below  it,  which  therefore  deftroy  each  other's  effects.  The 
force  of  the  body  therefore  on  the  electric  fluid  within 
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tlie  body,  is  proportional  to  the  plate  2lxyB  of  a  given  alA» 
tude,  that  is,  proportional  to  the  furfacc  of  the  body. 

The  force  of  the  body  on  the  eitemal  electric  fluid  is  alfa 
manifeftly  proportional  to  the  fame  plate. 

10.  Electrified     bodies    manifeft   their    energy 
through  thin  electric  plates. 

11.  The  electric  fluid  and   lightning  are  the 

fame  fubftance. 

t 

12.  The  Aurora  Borealis  .is  not  an  electrical 
phaenomenon. 

For  the  electrical  kite  is  not  affected  by  it.    See  Carallo^ 
and  alfo  Van  Swinden's  Mem.  vol.  3. 

13.  There  is  an  analogy   between- the  electric 
matter  and  heat. 

For,  I.  They  are  both  excited  by  friction,     a.  The  bell 
conductors  of  electricity  are  alfo  in  general  the  beft  conduc-' 
tors  of  heat.     3.  The  electric  matter  is  luminous.     4.  It        I 
produces  inflammation.     5.  Fire  promotes  vegetation;  fo 
does  electricity.    See  Adams's  Elect,  p.  495. 

14.  The  eleftric  matter  and  heat  are  different. 
For,   I.  Some  good  conductors  of  electricity,  as  water, 

are  bad  conductors  of  heat.  2.  The  electric  matter  has 
always  the  fame  odour,  whatever  may  be  the  nature  of  the 
electrified  body^  not  fo  with  dommtfn  fire.  3.  The  elec- 
tric flatter  penetrates  the  denfeft  bodies  almoft  inftantanc- 
oufly ;  fire  flowly.  4.  Metallic  fubftances  equally  fufiblc 
by  electricity,  are  not  fo  by  fire ;  and  iron  which  is  lefs  fu- 
fible  by  fire  than  gold,  is  much  more  fo  by  the  elcc'trical  cx- 
flofion* 

0/ 
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« 

Of  ConduSors. 

i^.  The  electrical  fluid  pafles  along  or  through 
ibme  bodies  with  greajt  facility,  through  others 
flowly,  and  with  great  dilficulty. 

This  is  agreeable  td  the  analogy  of  heat  or  caloric.  The 
former  clafs  of  bodies  are  called  conductors,  the  btter  non-# 
conductors.  Thus  the  electric  fluid  of  the  prime  conduc* 
tor  may  be  communicated  to  another  body  by  means  of  a 
rod  of  any  metal,  but  not  by  a  rod  of  glafs.  The  latter 
clafs  of  bodies  are  alfo  called  electrics,  becaufe  they  are 
capable  of  exhibiting  electrical  phacnomena ;  the  former, 
on  the  contrary,  ,are  called  non-electrics.  An  electric 
when  in  a  date  of  exhibiting  electrical  phenomena  is  faid 
to  be'  excited.  When  it  communicates  this  power  to  ^ 
conductor,  the  latter  is  (aid  to  be  electrified. 

1 6,  Conducting  fubftances  are  fuch  in  different 
degrees. 

Thus  the  ele£lric  fluid  will  pafs  more  readily  oyer  a  me* 
lal  rod,  than  one  of  wood. 

Though  all  bodies  are  divided  into  conductors  and  noni* 
<:onductors,  nevcrthelcfs,  in  accuracy,  perhaps  there  is  no 
Xuch  thing  in  exiftence  as  a  perfect  conductor  or  non-con- 
du£tori  there  is  an  infinity  of  gradations  \  and  it  is,  pro^ 
perly  fpeaking,  by  the  quantities  that  prevail^  and  which 
•prevail  in  a  confiderabk  degree,  that  bodies  are  clafled  in 
this  cafe>  as  well  as  all  others  in  Natural  Philofophy. 

3  F  2  17.  Glafs 
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17.  Glafs  is  not  abfolutcly  a  non  conductor. 
This  appears  from  the  fpontancous  difcharge,  and  other 

experiments. 

1 8.  Glafs  is  not  abfolutely  impervious  to  the 
electric  fluid. 

Becaufe  it  is  not  abfolutely  a  non-conductoi: :  a  violent 
charge  will  indeed  break  it ;  but  a  ^eak  charge,  if  concen- 
trated in  a  point,  may  be  tranfmittcd  through  it,  without 
breaking  it.  The  like  happens  with  refpefl:  to  condiidors 
alfo,  a  charge  of  a  certain  magnitude  may  be  tranfinitted 
through  *them  without  damage  ;  but  it  may  be  fo  great  as 
to  rend  the  condu£lor  in  pieces. 

19.  Air  rarefied  to  ^  certain  degree  is  a  conduc- 
tor. 

Mr.  Morgan,  who  has  made  fome  excellent  experiments 
on  the  non-condu£ling  power  of  a  perfed  vacuum,  obferves, 
that  there  fcems  to  be  a  limit  in  the  rarefa&ion  of  air,  which 
fets  bounds  to  its  conducing  power ;  pr,  that  the  particles 
of  air  may  be  fo  far  feparated  from  each  other,  as  no  long- 
er to  be  able  to  tranfmit  the  electric  fluid ;  that  if  they  are 
brought  within  a  certain  diftance  of  each  other,  their  con- 
ducting power  begins,  and  continually  increafes,  till  their 
approach  alfo  arrives  at  its  limit,  when  the  particles  on  the 
other  hand,  become  fo  near  as  to  refift  the  paflage  of  the 
fluid  entirely,  unleis  by  violence,  which  is  the  cafe  in  com- 
mon and  condenfed  air.     Adams  p*  3 1 8. 

20.  Good  conductors,  as  metals,  arc  rendered 
worfe,  and  non-conductors,  as  glafs  and  refin,  are 

rendered. 


Digitized  by  VjOOQ IC  J 


ELECTRICITY,  405 

Tendered,  in  fome  degree,  conductors,  by  pulve^ 
rifation. 

Becaufe  the  conftituent  particles  of  the  body  are  not  in 
contact  after  pulverifation ;  and  therefore  a  plate  of  air  Is 
interpofed  between  the  adjacent  particles  5  but  air  is  a  worfe 
conductor  than  metals,  and  a  better  conductor  than  glafs 
or  rcfin. 

21.  The  conducting  quality  of  all  bodies  feems 
to  depend  on  their  degree  of  difoxygenation. 

Thus  metals  and  charcoal,  while  difoxygenated,  conduct ; 
when  oxygenated  they  do  not.  It  may  perhaps  feem  con- 
trary to  this  hypothecs  of  Dr.  Prieftly,  that  acids  are  good 
conductors :  but  we  are  to  obferve  that  their  fubftances  are 
not  fatui'ated  with  oxygen ;  on  the  contrary  they  have  ftill 
a  very  great  affinity  for  that  element. 

Perhaps  the  conducting  or  non-conducting  quality  of  bo- 
dies depends  on  the  lefs  or  greater  attractive  force  with 
which  the  electric  matter  is  held  by  the  conftituent  particles 
of  the  body  j  and  that  heat  diminiflies  this  attractive  force  j 
and  thus  renders  thofe  bodies  conductors,  which  before 
were  not  fuch.  See  Morgan's  Lectures  on  Electricity,  Vol. 
J2.  p.  176. 

22.  Non-conducting  fubflances  are  rendered  con- 
ductors by  being  fufficiently  heated  ;  and  conduc- 
tors, by  being  fufficiently  cooled,  become  non- 
conductors. 

This  is  conformable  to  the  laft  article,  for  an  inflamma- 
ble 
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ble  body  by  being  heated  has  its  attraction  for  oxygen  in- 
creafed,  Lavoifier,  p.  256.  Alfo  metals  become  worfe  conduc- 
tors by  having  the  electric  difchargc  frequently  made  through 
them,  becaufe  they  become  more  oxygenated.  Adams  p. 
276.  The  degree  of  temperat&re  at  which  diiTerent  bodies 
become  conductors  is  probably  diflFerent,  for  the  fame  reafon 
that  they  are  combuftible,  or  become  capable  of  difoxyge- 
nating  the  air  at  different  temperatures.  Thus  charcoal 
which  condufts  elcftricity  at  the  common  temperature,  is 
alfo  cbmbuftible  at  the  fame  temperature ;  whereas  the  dia- 
mond, which  does  not  conduct,  requires  a  very  great  heat 
for  combuftion,  and  moft  probably  juft  previous  to  com* 
buftion  becomes  a  conductor, 

23.  The  electric  matter  always  requites  a  con- 
ductor to  enable  it  to  pafs  from  one  body  to  ano- 
ther. 

For  it  cannot  be  tranfmitted  through  a  Torricellian  vaco* 
um.     See  Nicholfon's  Nat.  Phil.  vol.  2.  p.  318. 

24.  The  electric  matter  is  communicated  rather 
along  the  furface  of  a  conductor,  thaa  through  its 
fubftance. 

For  the  conducting  quality  of  bodies  feems  to  depend 
on  the  degree  of  force  with  which  they  attract  the  elec- 
tric matter,  (fee  Art.  21.)  now  the  particles  of  the  body 
which  by  their  attraction  can  generate  motion  in  the  elec- 
tric fluid,  are  thofe  fuperficial  particles  only  wliofe  depth 
within  the  body  is  equal  to  the  indefinitely  little  /pace 
through  which  the  attractive. force  extends. 

And 
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And  though  the  conducting  power  of  bodies  is  not  di- 

miniflied,  when  Aey  are  coated  Vith  a  non-conducting  \ 

fubftance ;  yet  it  is  probable,  that  this  coating  is  not  abfo- 
lutely  in  contact  with-  the  conductor.  Neverthelefs,  it  is  ' 
not  to  be  doubted,  but  that  where  a  great  quantity  of  elec- 
tricity i^  made  to  pafs  along  a  very  fmall  wire,  it  will  enter 
the  fubftance  of  the  metal.  See  Cavallo,  vol.  i.  page 
330.' 

25.  If  an  electrified  body  be  furroundcd  by  per- 
fect non-conductors,  its  electricity  will  be  perma- 
nent. 

A  body  thus  circumftanced  is  faid  to  be  infulated.  As 
the  air  is  not  a  perfect  electric,  electrified  or  excited  bodies, 
though  fupported  on  non-conductors,  Mrill  continually  im- 
part fome  of  their  electricity  to  the  air,  or  to  the  conduc- 
ting particles  which  float  in  it  •,  till  at  laft  they  entirely  lofe 
their  power. 


Of  Excitation* 

26.  Bodies  by  their  contact  with  others,  have 
their  natural  capacity  for  retaining  certain  elements 
of  the  electric  fluid  in  fome  cafes  increafed ;  and 
for  retaining  the  others,  at  the  fame  time,  dimi- 
difhed,  and  therefore  decompofe  the  fluid. 

This  is  agreeable  to  the  analogy  of  many  chemical  fa£ls* 
Mr.  Adams  tells  us,  p.  183  of  his  Elcdtricity,  that  mar- 
ble 
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ble  or  wood  Tanriifaed  and  heated,  by  merely  laying  a  meta! 
plate  on  them,  or  marble  well  polifhed  and  heated,  though 
not  yarhiihed,  on  which  a  metal  plate  is  clofely  preflcd,  will 
exhibit  figns  of  ele£lricity. 

a/.  The  electric  particles  of  the  fame  kind  feem 
to  repel  each  other,  and  to  attract  thofe  which  are 
of  a  different  kind  with  very  great  force. 

Becaufe  though  when  feparated,  they  manifeft  a  yery 
powerful  energy,  by  which  they  endeavour  to  unite ;  yet 
M'hcn  united,  they  difcover  no  perceptible  action. 

That  the  electric  fluid  fhould  be  compofed  of  two  dif- 
ferent elaftic  fluids  or  gafes  is  agreeable  to  chemical  analo- 
gy :  thus  atmofphcric  or  common  air  is  compofed  of  ref- 
pirable  air,  whofe  bafe  is  oxygen,  and  of  mephitic  air, 
whofe  bafe  is  azot  *,  and  though  the  particles  of  refpirable 
air  repel  each  other,  as  do  thofe  of  mephitic  air,  yet  is 
there  a  ilrong  attraction  between  thefe  two  difieient  kinds 
of  air.  See  Lavoifier's  Elements,  p.  84. 

28.  Excitation  confifts  in  the  decompofition  of 
the  electric  fluio. 

The  means  by  which  this  decompofition  is  produced  arc 
various,  being  either  fimple  contaft,  mixture,  fridion, 
evaporation,  &c.  The  eleftric  fluid,  in  experiments,  is 
generally  decompofed  by  a  cylinder  and  cufhion,  and  againft 
the  cylinder  is  placed,  on  fome  non-conduSing  fubftance, 
a  metallic  cylinder,  called  the  prime  condudkor  :  the  cylin- 
der  by  its  clofe  contaft  with  the  cufhion  has  Its  attraction 
for  certain  elements  of  the  electric  fluid  increafed,  while 
at  the  fame  time  its  attraction  for  the  other  elements  of  it  is 

diminiOied ; 
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diminifhed;  it  eitracts  therefore  from  the  ciijQiIoni  while 
in  contact  with  it^  a  portion  of  thefe  elements ;  and  com<^ 
municates  to  the  cufhion  an  equal  quantity  of  the  ele- 
ments of  a  different  kind)  but  being  quickly  withdrawn 
from  this  contact,  by  the  revolution  of  the  machine,  this 
fuperabundant  matter  will  lie  difengaged  on  the  furface  of 
the  glafs,  smd  meeting  with  the  points  of  the  prime  con- 
ductor will,  from  the  nature  of  a  conducting  fubftance, 
quickly  diffufe  itfelf  over  it;  and  at  the  fame  time  the 
cylinder  will  attract  from  the  prime  conductor  an  equal 
quantity  of  the  elements  of  a  different  kind>  fo  as  to  re- 
cover its  natural  ftate,^  and  be  ready  for  a  f  reih  operation. 

29.  Non-conductors  alone  arc  capable  of  exci- 
tation. 

Becaufe  by  not  tranfmitting  or  tranfmitting  very  flowly 
the  electric  matter,  they  are  capable  of  exhibiting  figns  of 
electricity. 

30.  If  there  be  a  conductor  on  one  fide  of  a  thin 
electric  plate,  it  cannot  be  excited. 

Becaufe  the  fuperabundant  electric  matter  of  one  kind^ 
expels  from  the  other  fide,  by  means  of  the  conductor,  an 
equal  quantity  of  the  fame  kind,\and:attracts  that  of  a  dif- 
ferent kind ;  and  thefe  different  kinds  of nelectric  matter^ 
ftrongly  attracting  each  other  through  the  electric  plate, 
become  firmly  attached  to  it. 

On  this  principle,  a  glafs  veffel,  out  of  which  the  air 
had  been  exhauded,  on  being  rubbed  fhewed  no  figns  of  elec- 
tricity on  its  external  furface;  becaufe  the ^exhauftion  was 
probably  imperfect;  and  therefore  the  attenuated  air  be- 

3  G  came 
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came  a  conductor.  See  Art.  19.  It  has  alfo  be<in  aflertccf^ 
that  if  the  air  in  the  veflel  be  condenfed,  it  cannot  be  ex- 
cited ;  but  this  has  been  refuted  by  Beccaria,  who  has 
fhewn,  that  when  the  condenfation  is  effected  by  the  pret 
fure  of  mercury,  there  is  a  ready  excitation ;  not  fo  when 
it  is  efFefted  by  a  pifton  moiftened  with  water  or  oil,  which 
intermixes  a  conducting  fubflance  with  the  air.  It  is 
alfo  to  be  obfervcd,  that  a  folid  electric  cylinder  can  be  ex- 
cited. 

31.  Non-coAdirctors  may  on  one  part  of  their 
furface  be  excited,  without  difFufing  the  fame  kind 
of  electricity  to  the  reft  of  their  fubftance. 

32.  If  a  conductor,  infulated  and  electrified, 
be  touched  by  a  perfect  conductor,  which  com- 
municates with  the  earth,  it  will  lofe  all  its  elec- 
tricity at  once  ;  but  an  excited  electric  will  not. 

Becaufe  the  electricity  belonging  to  t!he  whole  of  tte 
electrified  conductor  is  eafily  cond*ucted  through  its  own 
fubflance,  to  that  part  which  is  touched  by  the  other  con- 
ductor. 

Hence  the  electricity  difcharged  from  an  electrified  con- 
ductor is  much  more  powerful  than  from  an  electric. 

33.  If  a  glafs  cylinder  made  very  dry,  be  rubbed 
with  a  piece  6f  filk,  it  will  decompofc  the  electric 
fluid,  and  accumulate  on  the  prime  condtactor  that 
electric  gas  which  is  called  vitreous  electricity. 

This  is  otherwife  called  Pofitive  eleftricity,  according  to 
the  fyftem  of  Doftor  Franklin  :  and  the  otlier  gas  is  called 

Refinoos 
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Refinous  eleftricityj  or  Negative  dedricity  according  to 
Do£^or  Franklin's  hypothefis. 

^4.  If  a  piece  of  fealing  wax  be  rubbed  with  a 
woollen  cloth,  its  capacity  for  retaining  the  refinous 
electricity  will  be  increafed. 

For  if  one  pith-ball  be  ele£lrified  with  excited  glafs, 
and  another  with  excited  wax,  they  will  mutually  attra£t 
each  other ;  but  if  both  be  eleftrified  with  wax,  or  both 
with  glafs,  they  will  repel  each  other;  the  eleftricity 
therefore  of  glafs  is  different  from  that  of  wax.  This  dif- 
ference wa«,  at  firft,  fuppofed  to  depend  on  the  nature  of 
the  electric ;  and  that  one  was  the  conftant  produ£^ion  of 
glafs,  and  the  other  of  wax,  and  fuch  like  fubflances. 
Hence  the  former  was  called  Vitreous,  and  the  latter  Re- 
finous eleftricity.  But  it  was  afterwards. difcovered,  that 
each  of  thefe  powers  might  be  produced  by.  the  excitation 
either  of  glafs  or  fealing  wax. 

35.  Two  bodies  electrified  pofitively  repel  each 
other. 

This-  repulfion  depends  on  the  air,  for  in  a  vacuum  there 
is  no  fuch  repulfion. 

The  electric  matter  of  an  eleftrified  body  extends  to  a 
very  fmall  diftance  from  the  furface ;  and  therefore  in  a 
vacuum  muft  be  infenfible.  But  in  the  air,  the  eledlrified 
bodies  have  an  intermediate  fubilance  to  aft  on ;  and  by 
difturbing  the  natural  eleftricity  of  the  particles  of  air 
which  are  neareft  to  them,  and  thefe  the  eleftricity  of  the 
next,  and  fo  oi),  the  4ifturbance  is  propagated  through  all 
3  G   i  .  thQ 


Digitized  by  VjOOQ IC 


412  ELECTRICITY. 

the  interme4ute  air,  and  thus  the  pith-balls  appear  ^o  z& 
at  a  fenfible  diftancc.  But  in  this  pafe>  the  ele£lricit]r  doe9 
not  pafs  from  either  body  into  the  air ;  and  therefore  aft^ 
ezhauftion,  if  the  air  be  re*admiued|  the  repulfion  will 
again  be  manifeft. 

36.  Two  bodies  dectrificd  negatively  repel  each 
other, 

This  has  nerer  yet  been  explained  on  the  hypothecs  of  a 
iingle  homogeneous  fluid. 

37.  If  one  body  be  electrified  negatively,  and 
another  pofitivcly,  they  will  attract  each  other. 

38.  If  one  body  be  electrified  pofitively  or  pc* 
gativ^ly,  and  another  be  in  its  natural  ftate,  they 
will  neither  attract  nor  repel  each  other. 

For  the  fuperabi^ndant  pofitive  electricity  o{  the  elec- 
trified body  attracts  the  negatire  electricity  of  the  body 
which  is  in  its  natural  ftate,  juft  as  much  as  it  .repels 
the  pofitive  part.  And  the  like  argument  holds  when  the 
body  is  electrified  negatively. 

This  phaenomenon  appears  inexplicable  on  the  hypodiefis 
of  a  fingle  homogeneous  fluid. 

39.  The  fpecies  of  electricity  may  be  difcovcred, 
by  cleftric  attraftion  and  repulfion. 

Hang  on  the  eleflrified  body  two  light  pith-balls,  fuf- 
pcnded  by  thread ;  they  will  diverge  with  the  cle£tricity  of 
the  body }  bring  a  piece  of  excited  fealing  wax  gradually 
near  them,  if  the  balls  feparate  further,  on  the  approach 
of  the  wax^  they  are  negatively  electrified,  or  the  ekdlri- 

^1 
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city  is  of  the  fame  nature  with  that  of  wax  :  if,  on  the 
other  hand,  they  come  nearer  together,  the  cle£lricity  is 
jpofitive,  or  contrary  to  that  of  wax. 

40.  The  hypothefis  of  Doftor  Franklin  is,  that 
the  eledric  fluid  is  homogeneous ;  that  a  body  is 
cleftrified  pofitively  or  negatively,  according  as  it 
has  more  or  lefs  than  its  natural  portion  of  this 
fluid  5  and  that  all  eledtrical  phenomena  arife  from 
the  reftoration  of  this  difturbed  equilibrium. 

This  hypothefis  feems  to  be  inadequate ;  for,  in  the  elec-« 
trie  difcharge,  light  and  heat  are  both  extricated  from  the 
electric  matter,  which  cannot  be  accounted  for  by  the  fim« 
pie  current  of  an  homogeneous  fluid, 

41.  The  hypothefis  of  Mr.  Eeles  is,  that  there 
are  two  eledric  fluids,  which  have  a  ftrong  chemical 
affinity  for  each  other,  at  the  fame  time  that  the 
particles  of  each  are  ftrongly  repulfive  of  one  an- 
other; and  that  all  eledrical  phaenomena  arife  from 
the  reparation  and  re-union  of  thefe  fluids. 

This  hypothefis  of  Mr.  Eeles  appears  to  be  well  founded ; 
but  he  feems  to  have  confidered  merely  a  double  current  of 
electric  matter,  without  any  fuppofition  of  the  chemical 
action  of  thefe  different  gafes  on  each  other.  It  is  there* 
fore  equally  inadequate  with  Dr.  Franklin's  to  the  explana- 
tion of  the  origin  of  the  light  and  heat  which  are  gene- 
rated in  the  electric  difcharge  j  on  which  the  principal 
phaenomena  in  electricity  depend.  It  is  true  that  in  Introd. 
page  40.  he  fays  that  electric  light  and  heat  arife  from  the 

mutual 
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mutual  condenfation  of  thefc  two  mediums ;  but,  accord- 
ing  to  his  hypothefis,  thefe  mediums,  when  in  their  na- 
tural ftate,  are  always  in  a  (late  of  mutual  condenfation, 
and  therefore  all  bodies  in  their  natural  ftate  ought  to  ap- 
pear luminous. 

Of  the  Ele£lrtc  Charge. 

42.  If  the  eleftric  gas  of  one  fpecies  be  increafed 
on  one  fide  of  a  thin  electric  plate,  it  will  be  di- 
miniflied  on  the  other  fide,  if  there  be  a  conduc- 
ing fubftance  to  convey  it  away  j  and  the  other 
electric  gas  will  be  increafed. 

Becaufe  either  eleftric  gas  is  ftrongly  repulfive  of  itfelf, 
and  attraftive  of  the  other  5  and  the  interpofed  plate  is  b 
thin  as  not  entirely  to  obftru£l  the  clediric  energy. 

The  eleftric  plate,  in  this  cafe,  is  faid  to  be  charged. 

43.  If  the  electric  gas  at  one  fide  of  an  elec- 
tric plate  be  diminiflied,  the  gas  of  the  fame  kind 
at  the  other  fide  will  be  increafed. 

44.  The  force  with  which  the  contrary  gafes  at- 
tract each  other,  is  lefs  than  the  attractive  force 
with  which  their  particles  are  held  combined  with 
the  particles  of  the  electric. 

For  the  cpmponent  particles  of  all  bodies  are  fuppofed 
to  be  combined  with  eleftric  particles ;  now  if  the  attrac- 
tion between  the  contrary  gafes  on  the  oppofite  furfaces 
were  cither  equal  to  or  greater  than  the  force  with  which 

the 
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the  component  ele£lric  particles  are  held  by  thofe  of  the 
cleflric.  It  would  become  a  condu£tor. 

45.  In  the  charge,  the  quantity  of  electricity  of 
the  electric  is  always  very  nearly  the  fame  with  that 
of  the  natural  ftate. 

Becaufe  as  much  as  either  gas  is  increafed  on  one  fide  of 
the  eledlric  plate,  fo  much  very  nearly  will  it  be  diminiflied 
on  the  other. 

46.  The  nearer  the  ftirfaces  of  a  charged  plate 
are  to  each  other,  that  is,  the  thinner  the  plate, 
the  greater  is*  the  force  of  the  charge. 

Becaufe  the  action  of  each  gas  is  lefs  obftructed  by  the 
intcrventJon  of  the  electric. 

47.  An  electric  plate  may  be  fo  thick  as  to  be 
incapable  of  a  charge. 

This  will  happen  when  the  particles  of  the  gas  on  one 
fide  of  the  plate  are  removed  to  fuch  a  diftance,  as  not  to 
be  able  to  act  on  the  gas  at  the  other. 

48.  Glafs,  though  not  abfolutely  impervious  to 
the  eledtric  fluid,  is  neverthelefs.fo  bad.a  conduc- 
tor as  to  be  capable  of  a  charge* 

49.  An  electric  plate  may  have  its  quantity  of 
electric  matter  on  one  furface  increafed,  in  a  cer- 
tain degree,  without  any  diminution  on  the  oppo- 
fite  furface. 

Thus  if  a  phial  be  infulated,  and  its  knob  connected  with 
the  prime  conductor,  and  the  machine  put  in  motion,  a 
certain  quantity  of  electric  matter  will  be  added  to  the  in- 
side; 
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fidej  fot  if  you  touch  the  outfidc^  a  quantity  nearly  equal 
to  that  thrown  in,  comes  from  it«     Previous  to  the  action 
of  the  machine,  the  two  furfaces  are  in  equilibrium,  but 
the  action  endeavours  to  condenfe  and  accumulate  the  elec- 
tric matter  on  the  infidc  with  a  force  equal  to  that  with 
which  it  accumulates  it  on  the  prime  conductor  5  and  this 
increafed  force  on  the  infide  will  accumulate  the  matter 
there,  untill  the  increafcd  rcpulfive  force  arifing  from,  that 
accumulation  or  condenfation  is  equal  to  the  accumuladng 
force. 

When  the  phial  is  touched,  the  outfide  becomes  nega- 
tive, and  the  vial  will  be  charged  in  a  low  degree. 

It  id  however  to  be  remarked,  that  fome  eledlricians 
aflert,  that  the  reafon  why  the  matter  can  be  accumuiared 
at  the  infide  of  an  infulated  phial,  is  becaufe  the  air  is  not 
a  perfe£t  conductor.  But  were  this  fo,  the  phiai  wou\d  be 
charged,  previous  to  touching  the  outfide. 

50.  A  plate  of  glafs  may  be  pofitively  ele&rified 
at  both  fides, 

Cavallo  and  Morgan  afiert  the  contrary  i  and  that  wben 
a  glafs  plate  appears  pofitlve  on  both  fides,  it  is  caufed  by 
the  fuperior  poGtive  power  on  one  fide,  which  predominates 
over  the  weaker  negative  of  the  other.  But  even  thus  they 
relinquifli  their  principle,  that  no  eleftric  matter  can  be 
accumulated  on  one  fide,  unlefs  an  equal  quantity  pafTes 
off  at  the  other.  Mr.  Eeles  on  the  other  hand  aflerts,  that 
both  fides  can  be  electrified  pofitively,  as  may  be  Incontef- 
tably  proved  by  touching  either  fide  with  an  elcftrometcr, 
which  will  thus  acquire  pofitive  and  .permanent  elc£tricity, 
whicl^'^r  of  the  fides  it  touches. 

51.  An 
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51.  An  infulated  eleftric  cannot  be  charged. 
Although  the  elc6knc  gas  of  one  fpecies  may  be  increafed 

on  one  fide  of  the  eledlric,  yet  the  other  fide  being  infu- 
lated, muft  continue  in  its  natural  ftate,  and  therefore  there 
will  be  no  charge. 

52.  The  charge  of  an  electric  plate  refides  in  the 
electric,  and  not  in  the  coating. 

0/  tie  EleSiric  Circuit. 

53.  If  a  Communication  be  fuddenly  made  be- 
tween the  pofittve  and  negative  fides  of  a  charged 
cleftric,  the  equilibrium  will  be  fuddenly  reftorcd. 

This  is  called  completing  the  circuit  j  and  the  a£b  of 
Unioir'  of  the  contrary  ele£lric  gafes  is  called  the  eleftric 
fhock.     , 

54.  The  equilibrium  is  not  perfcftly  reftored 
by  once  completing  the  circuit. 

For  the  fuperabundant  eleflric  matter^  which  has  fpread 
from  the  metallic  coating  upon  the  furface  of  the  non-clec* 
trie,  takes  fome  time  to  return  into  that  coating,  after  the 
part  in  contadi  with  the  coating  has  been  reftored  to  its  na- 
tural ftate  by  the  difcharge. 

55.  A  ftrong  eledtric  (hock,  whatever  may  be 
the  length  of  the  circuit,  appears  to  be  performed 
in  an  inftant,  through  a  good  conductor. 

A  weak  (hock  has  been  found  to  take  fome  little  time 
through  a  long  and  imperfeft  conduftor. 

56.  The  very  fame  individual  eledlric  gas  which 

3  H  caufes 
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cauFes  the  fuperabundance  on  the  pofitive  fide,  is 
not  transferred  to  the  negative  fide,-  when  the  cir- 
cuit is  co'rtipleted. 

For  the  contrary  electric  gas  of  the  conductor  wtdch 
forms  the  circuity  is  firft  attracted  by  the  negative  Cde^ 

57.  If  an  cleftric  plate  be  charged  negatively, 
and  the  circuit  completed,  the  conductor  which 
forms  the  circuit  will  be  negatively  electrified  after 
the  difcharge. 

Becaufe  the  accumulated  electric  gas  at  one  fide  of  the 
electric  is  fo  far  obftructed  by  the  intervention  of  the  plate^ 
as  to  expel  a  lefs  quantity  on  the  other  fide. 

58.  If  the  plate  be  charged  pofitively,  the  con- 
ductor, after  the  difcharge,  will  be  pofitively  elec-- 
trified. 

59.  If  there  be  two  different  conductors  to  com- 
plete the  circuit,  the  difcharge  will  always  be  made 
through  that  which  conducts  beflj  every  thing  elfe 
being  the  fame. 

60.  If  the  conductors  be  equally  good,  but  one 
Ihorter  than  the  other,  the  difcharge  will  be  made 
through  the  fhorteft, 

61.  If  the  conductors  be  equally  good,  and  of 
the  fame  length,  the  difcharge  will  be  made  equally 
through  them  all. 

The  force  of  the  difcharge,  in  a  given  circuit,  inay  be 
thus  weakened  at  pleafure.. 

62.  The 
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62.  The  force  of  the  electric  fhock  is  weakened 
by  the  length  of  the  circuit. 

63.  If  any  part  of  the  human  body  form  a  por- 
tion of  the  electric  circuit,  it  is  obferved,  that  the 
difcharge  is  perceived  in  that  part  only  which  forms 
the  communication,  unlefs  the  charged  furfaces  be 
very  great,. 

64.  If  a  conductor  be  connected  with  one  fide 
of  a  charged  plate,  though  it  does  not  make  part 
of  tl\e  circuit,  part  of  the  difcharge  will  pafs 
through  it. 

This  is  called  the  lateral  explofion ;  and  is  caufed  by  the 
-interruption  in  the  circuit,  made  by  introducing  into  it 
bad  conductors,  or  fuch  as  are  too  fmall. 

65.  Electricity  finds  fome  obftruction  in  pafling 
through  evfin  the  beft  conductors. 

For  in  fome  cafes  it  will  prefer  a  fhort  paffage  through 
the  air,  to  a  long  one  through  the  moft  perfect  conduce 
tors. 

66.  The  electric  fhock  difplaces  the  air  througl^ 
which  it  paffes. 

This  is  proved  experimentally  by  Kinnerfley's  air  eled* 
trometCTf 

67.  If  its  paffage  from  conductor  to  conductor 
be  interrupted  by  non-conductors,  of  a  moderate 
thicknefs,  it  will  rend  and  tear  them  in  pieces. 

68.  If  one  iurface  of  a  charged  plate  be  perr 
fectly  infulatedf  although  the  other  communicates 

3  H  2  with 
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with  the  earth,   no  difcharge  of  either  furface  will 
follow. 

For  the  fuperabundant  electric  matter  of  either  kind^ 
accumulated  on  the  infulated  fide,  cannot  efcape,  it  will 
therefore,  by  its  repulfive  force,  prcferve  the  other  furface 
in  a  contrary  ft  ate, 

69.  If  two  eleftric  plates  be  charged,  and  a  com- 
munication be  formed  between  the  pofitive  fide  of 
one,  and  the  negative  of  the  other,  no  difcharge 
will  follow,  unlefs  a  communication  be  formed  be- 
tween the  other  two  fides  at  the  fame  time. 

Becaufe  the  negative  fide  of  one  plate  attracts  the  par- 
ticles on  the  pofitive  fide  with  a  force  equal  to  or  greater 
than  the  force  of  the  negative  particles  of  the  other  plate. 

Of  the  Ele£lriciiy  of  the  air. 

70,  A  plate  of  air  may  be  charged,  as  any  other 
cledric. 

.71.  The  ftrength  of  the  excitation  being  the 
fame,  a  charged  plate  of  air  will  be  more  eafily 
broken,  the  thinner  the  plate. 

72.  The  ftrength  of  the  excitation  being  the 
fame,  a  charged  plate  of  air  will  be  more  eafily 
broken,  caeteris  paribus,  the  lefs  itsdenfity. 

73.  The  eledtric  powers  poflefling  the  oppofite 
furfaces  of  a  cylindrical  plate  of  air,  whofc  diame- 
ter is  evancfcent,    will  be   incomparably  lefs  re- 

fifted 


Digitized  by  VjOOQIC 


ELECTRICITY.  42I 

fifted  by  the  interpofed  eleftric,  than  by  the  thin- 
neft  plate  of  air  contained  between  furfaces  of  a 
finite  magnitude. 

For  the  leaft  cylinder,  whofe  diameter  is  finite  and  tliick- 
nefs  evanefcent,  is  incomparably  greater  than  the  leaft  cy- 
linder whofe  altitude  is  finite,  and  diameter  evanefcent. 
Sec  Atwood's  Electricity. 

74.  Points  filently  difcharge  the  eleflric  fluid. 

When  a  pointed  body  is  prefented  to  any  electrified  fur- 
face,  a  cylindrical  plate  of  air,  of  evanefcent  diameter  is 
charged  with  the  contrary  electricities,  which  therefore  at- 
tract each  other  through  the  interpofed  electric;  and  to  this 
attraction  there  will  be  little  refiftance,  becauf?  the  quan- 
tity of  interpofed  air  is  very  fmall. 

75.  If  a  pointed  condu(5lor  be  applied  to  any 
difengaged  eleftric  matter,  it  will  quickly  with- 
draw it,  and  communicate  it  to  the  lurface  of  the 
furrounding  air. 

For  this  reafon  it  is,  that  the  prime  conductor  is  ter- 
minated with  points,  which  are  prefented  to  the  excited 
electric,  and  which  therefore  draw  off  the  electric  matter, 
which  by  the  friction  has  been  difengaged  from  the  elec- 
tric, and  lies  loofe  and  uncombined  upon  its  furface. 

76.  The  eledric  fluid  appears  a  diverging  flream 
from  a  point  eleftrified  pofitively  ;  and  like  a  fmall 
liar  on  a  point  electrified  negatively, 

Mr.  Morgan  has  fhewn,  when  the  electric  difcharge 
is  made  through  a  fluid  medium,   which  is  not  a  good 

condudor^ 
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conductor,    that  the  flafh  proceeds   luminouily  and  witfa 
ramifications  from  one  end  of  the  interval  to  the  other. 
If  the  conducting  power  of  the  medium  be  increafcdy  the 
light  will  pafs  in  a  continued,  undivided  dream  ^    and  if 
the  interval  be  then  fufficicntly  increafed,  the  light  will  be 
vifible  only  at  the  extremities  of  the  paflage;  in  conie- 
quence  of  the  greater  condenfation  of  the  light  at  thefe 
extremities.    See  JLiCctures  on  Elect,  vol.  2.  p.  98,  99.     It 
is  farther  obferved,    that  if  there  be  two  bodies,  placed 
near  each  other,  which  are  diflimilarly  electrified,  the  po-r 
Ctive  electricity  pafles  in  a  divided,  ramified  flaflij  and  the 
negative  in  one  continued,  undivided  line  of  light.     See 
Mr.  Nlcholfon's  curious  experiments  in  Adams's  Elect,  p. 
222.     We  may  therefore  infer,  from  comparing  thefc  ex- 
periments, that  the  air  is  a  better  conductor  of  negative 
than  of  pofitive  electricity  5  and  probably  it  is  to  this  dif- 
ference that  we  ftiould  attribute  the  difierent  appearances  of 
the  ftar  and  pencil.     Pofitive  electricity  pafles  out  from  the 
electrified  point  into  a  medium  which  does  not  conduct  it 
well ;  the  light  is  therefore  vifible  on  all  fides  to  a  fenfiblc 
diftance,  and  confcquently  appears  as  a  luminous  cone  or 
pencil  of  light.     But  the  negative  electricity,  paffing  into 
a  medium  which  conducts  it  better,  is  vifible  only  at  that 
extremity  where  there  is  a  greater  conftipation  of  the  elec- 
tric light.     This  conjeaurc  feems  to  be  confirmed  by  the 
following  experiment,  which  was  more  than  once  made  with 
particular  care,  and  deferves  to  be  repeated:    two  equal 
and  fimilar  prime  conduftors,  each  furnifhed  witli  a  pith- 
^all  clearometer,  were  equally  clearified  at  the  fame  timi^, 
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one  pofitively,  the  other  negatively ;  it  was  founds  that  the 
pofitive  condu&or  retained  its  ele£lricity  much  longer  than 
the  negative  conductor. 

77.  A  current  of  air  blown  againft  a  ftream  of 
electric  matter  does  not  affect  its  appearance. 

78.  There  is  a  fenfible  current  of  air  at  an  elec- 
trified point,  which  is  always  in  the  direction  of 
the  point,  whether  the  electricity  be  pofitive  or  ne- 
gative. 

For  the  air  contiguous  to  the  point  becomes  poiTeiTed  of 
the  fame  electricity,  this  plate  of  air  therefore  and  the  point , 
repel  each  other ;  confequently,  in  both  cafes,  the  air  will 
move  from  the  point. 

79.  The  electricity  of  an  electrified  body  does 
not  difplace  the  ambient  air. 

For  the  force  i;trith  which  the  body  attra£ls  the  electric 
matter  extends  to  an  indefinitely  little  diftance. 

80.  The  atmofphere  is  always  electrified,  but 
moft  commonly  with  pofitive  electricity. 

8 1 .  Aerial  vapours  are  endued  with  electricy. 

82.  Hail  is  always  attended  with  electricity. 


Of  Influential  eleSlrtctty. 

83.  An  electrified  body  brought  within  a  certain 
diftance  from  another,  which  is  infulated  and  in 
its  natural  ftate,  will  produce  the  fame  kind  of 

eleftricity 
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electricity  in  the  remote  end  of  the  body,  which 
is  not  electrified ;  and  the  contrary  clectriciff  in 
the  nearer  end. 

Becaufe  the  fupcrabundant  gas  of  the  electrified  hmtj 
attraAs  the  heterogeneous  gas,  and  repels  that  which  i» 
homogeneous^  in  the  near  end  of  the  body  not  elefkrified. 

84.  If  the  infulated  body  be  of  confiderable 
length,  the  contrary  electricities  will  follow  each 
other  in  alternate  fucceflion. 

85.  If  an  electrified  body  be  brought  within  a 
certain  diftance  from  another  which  is  in  its  natural 
ftatc,  a  Ipark  will  pafs  between  them. 

This  is  called  the  ftriking  diftance.  The  electriBed  body 
firft  produces  a  contrary  electricity  in  the  other,  the  intcr- 
yening  plate  of  air  is  dius  charged,  and  when  the  thicknefs 
of  this  plate  of  air,  or  the  diftance  of  the  bodies  is  fuiE- 
ciently  fmall,  a  difcharge  will  take  place,  which  is  mani* 
fefted  by  a  flafli  or  fpark. 

86.  The  electric  fpark  will  pafs  through  a  greater 
interval  of  air  to  a  conductor,  the  more  perfect  its 
conducting  power. 

Becaufe  the  more  perfect  it  is,  the  more  perfectly  will 
the  electrified  body  induce  a  contrary  electricity  in  the  part 
which  is  next  it  5  and  therefore  the  greater  will  be  tlie  tend- 
cncy  of  the  two  electricities  to  unite. 

87.  Long  fparks  are  always  inflected  in  various 
directions.  , 

This 
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This  is  caufed  by  the  eledric  matter  palling  through  tho^c 
jparts  of  t&e  air^  in  which  the  beft  conduAors  ate  found* 

88 .  If  the  body  which  was  prcviouily  in  its  na- 
tural ftate  be  infulated,  after  the  fpark  pafles,  it 
will  be  found  to  have  acquired  the  fame  electricity 
with  the  electrified  body* 

For  part  of  the  fuperabundant  gas  of  the  elef^rified  body 
will  pafs  from  it,  and  thus  both  bodies  will  be  electrified  in 
the  fame  manner. 

89.  If  two  infulated  conductors  be  juft  within 
the  ilriking  diftance  of  each  other>  and  an  electri- 
fied body  approach  one  of  them,  a  fpark  will  pafs 
between  the  conductors ;  that  which  is  more  remote 
from  the  electrified  body  affuming  the  fame  kind 
of  electricity,  and  that  which  is  neareft  to  it,  th6 
contrary  :  if  the  electrified  body  be  then  removed, 
the  fpark  will  return,  and  both  conductors  will  re- 
fume  their  natural  fiate.  . 

This  is  called  the  electrical  Ileturning  Stroke.  See  Lord 
Mahon*s  £le£lricity. 

90.  An  excited  eleftric,  after  its  power  has  been 
fo  reduced,  as  to  render  it  incapable  of  communi- 
cating its  proper  eledtricity,  does  however  ftill  re- 
tain a  permanent  degree  of  that  power,  by  which 
it  can  produce  a  fmall  degree  of  influential  eleftri- 
city  in  a  condudting  body  which  is  In  contadt 
with  it. 

3  I  91.  If 


Digitized  by  VjOOQ IC 


d^l6  tlECtRICITt. 

91.  If  a  condufting  fiibftance  be  brought  into 
contaft  with  an  excited  elcftric,  and  touched  with 
a  conducing  fubftancc,  and  then  removed  by  an 
infulating  handle,  it  will  poffefs  an  eleftricity  con- 
trary to  that  of  the  excited  furface. 

For  if  the  excited  furface  be  pofidrely  excited,  wlien  the 
condu£l;ing  fubftance  is  brought  into  contafk  with  it,  and 
at  the  fame  time  touched  by  a  condu^or  communicating 
with  the  earth,  aH  the  communicated  fuperabundant  elec- 
tric matter  will  firft  pafs  off;  and  the  equilibrium  of  the 
remaining  natural  quantity  will  be  difturbed,  the  part 
next  the  glafs  being  negatiTC,  and  the  remote  part  pofitire  ^ 
but  the  contad  of  the  condu£tor  iiill  continuing,  theac« 
cumulated  part  of  the  remote  furface  will  likewife  pais  off^ 
fe  that  when  the  condudor  »  remored,  and  the  cotidu£ttng 
furface  taken  up  by  a  non-condu£ling  handle>  it  will  be 
negatively  eledrified.  The  contrary  will  happen,  if  the 
excited  furface  be  negative.    See  Milner's  Electricity. 

92.  If  two  bodies,  equally  and  contrarily  elec- 
trified, be  applied  at  the  fame  time  to  a  third  bodyy 
they  will  counteradl  each  others  efFefts. 

93.  If  they  be  eleftrified  unequally,  the  ftronger 
will  manifeft  its  proper  efFeft,  in  proportion  to  the 
difference  of  the  powers. 

94.  If  one  fide  of  an  infulated  coated  plate 
communicate  with  a  body  negatively  eledrifiedy 
that  fide  will  become  negative,  and  the  other  fide 
will  either  continue  in  its  natural  ftate,  or  become 

flightly 
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flightly  pofitive ;  neverthelefs  an  eleftrometer  ap^ 
plied  to  this  latter  fide,  will  diverge  with  negative 
cleftricity. 

In  this  cafe  the  negative  ele£lricity,  by  its  fuperbr  force, 
influences  the  ele&rometer  through  th.e  interpofed  plate. 

95.  If  the  pofitive  fide  of  an  eleftric  plate  or  jar, 
ilightly  charged,  be  applied  to  a  body  ftrongly  elec- 
trified with  pofitive  electricity,  an  electrometer  ap- 
plied to  the  negative  fide,  will  diverge  with  pofi- 
tive electricity. 

For  when  two  eie^lricities  are  applied  at  th,e  fame  inftant 
to  the  fame  body,  the  ctkfk  is  produced  by  their  difference : 
in  the  prefent  cafe,  the  pofitive  eleAricity  predominates 
over  the  negaiive,  even  through  the  interpofed  clcHriQ 
plate» 


3  I  z  MAGNETISM. 
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MAGNETISM, 


Of  Magnetifm  in  General. 


I.  Magnetism  is  that  power,  by  which  the 
load-fione  attracts  iron,  and  other  coucomitant  ef- 
fects are  produced. 

The  natural  magnet  or  load-ftone  is  an  iron  ore,  which 
contains  a  greater  quantity  of  iron,  either  in  the  metallic 
ftate,  or  not  much  oxygenated,  than  moft  other  iron  ores. 
It  alfo  often  contains  a  portion  of  quartz  and  argill,  and 
probably  fome  fulphur,  becaufe,  when  made  red  hot,  it 
has  generally  a  fulphureous  {xnell.    It  is  about  feven  6mes 

beayicr 
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heavier  than  diftilled  water  j  is  of  a  dull  browniih  black 
colour ;  its  hardnefs  is  fuch  as  juft  to  afibrd  fparks,  when 
*ftruck  with  fteel ;  it  is  found  almoft  wherever  there  is  a 
good  iron  mine;  but  not. of  any  particular  ihape  or  fize. 

2.  The  attraftion  between  the  magnet  and  iron 
is  mutual. 

3,  The  attraftion  between  the  magnet  and  iron 
is  fubjed  to  a  variation,  there  being  a  limit  to  the 
vsreight  and  (hape  of  the  iron,  in  which  it  will  be 
attrafted  mod  forcibly ;  which  limit  can  be  deter- 
mined only  by  experiment. 

4-  Magnetifm  fubfifts  between  the  magnet  and 
iron  only. 

Platina  has  been  by  fome  fuppofed  to  be  magnetical,  but 
more  accurate  experiments  (hew  that  it  is  not.  One  kind 
of  Bifmuth  is  faid  to  be  repelled  by  the  magnet  in  all  cafes. 
See  Cavallo,  page  71.  Almoft  every  kind  of  animal  and 
vegetable  fubftance  is  afiefted  by  the  magnet,  after  be- 
ing burned,  but  not  before.  Colourlefs  precious  ftones^ 
as  the  diamond  and  cryftals,  are  not  attrafted ;  neither 
the  amethyft,  chalcedony,  or  topaz,  or  fuch  as  lofe  their 
colour  by  fire;  but  all  others,  as  the  ruby,  chryfolite^ 
and  tourmalin  are  attraf^ed.  The  emerald,  and  particu- 
larly the  garnet,  are  not  only  attra£led,  but  frequently  ac- 
quire an  evident  polarity.  All  fuch  a£lion  we  muft  afcribe 
to  particles  of  iron  in  the  compofition  of  thefe  bodies, 

5.  If  a  needle  be  brought  near  a  magnet,  there 
will,  be  found  two  points  on  the  furface  of  the  mag- 
net, 
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net^  towards  which  the  needle  will  (land  perpen'*^ 
dicularly. 

Thefe  points  are  called  the  poIeS|  and  the  line  ^wfaidb 
joins  ^em,  the  axis  of  the  magnet. 

6.  The  fame  magnet  has  frequently  more  than 
two  poles. 

This  is  to  be  attributed  to  the  heterogeneous  nature  of 
the  magnet. 

7.  Homogeneous  poles  repel,  and  heterogeneous 
poles  attraft  each  other. 

For  the  two  poles  of  two  magnets  which  arc  attra£ked 
by  the  fame  pole  of  a  third  magnet,  are  homogeneous 
poles ;  but  thefe  are  found  to  repel  each  other. 

8.  There  muft  be  fome  point  between  the  poles 
of  a  magnet,  at  which  their  forces  are  equa\. 

This  point  is  called  the  magnetic  centre  %  bm  it  is  not 
always  in  the  centre  of  the  magnet. 

9.  If  a  magnet  be  broke  into  two  fragments  in 
a  tranfverfe  direction,  a  magnetic  centre  will  arife 
in  each  fragment,  which  at  firft  will  be  nearer  to 
the  fraftured  end,  but  in  time  approaches  towards 
the  middle  of  the  fragment, 

Since  the  particles  of  the  magnet  are  within  the  fphere 
of  each  others  a£tion,  they  \9ill  zSt  with  more  advantage 
on  thofe  which  are  in  the  middle  of  the  magnet,  than  oa 
fuch  as  are  at  any  diftance  from  it  i  and  confequently  tbe 
central  particles  will  be  more  orderly  difpofed  according  to 

their 


Digitized  by  VjOOQIC 


MAGNETISM.  431 

tixcit  polarity.    Therefore  ixrhen  the  magnet  is  broke,  the 
end  next  the  fra£lure  will  be  more  powerful  than  the  othen 

10.  The  force  of  each  portion  of  the  magnet 
feparately  confidered  may  be  conceived  to  be  con- 
centrated in  fome  point  between  the  extremity  of 
the  magnet  and  the  magnetic  centre. 

11.  If  a  magnet  be  cut  through  its  axis,  the 
parts  which  were  before  in  contadt,  will  now  repel 
each  other. 

Becaufc  they  ar^  homogeneous  poles  by  Art.  7. 

12."  If  a  magnet  be  cut  in  a  direftion  perpendi- 
cular to  the  axis,  each  part  will  be  a  perfed  mag- 
net, the  polarity  of  the  parts  which  were  before  in 
contaft  being  contrary, 

13.  If  a  magnet  be  pulverifed,  every  particle 
will  be  found  to  be  a .  complete  magnet,  endued 
with  two  contrary  poles. 

14.  If  a  magnet  be  pulverifed,  and  the  particles 
then  put  into  a  glafs  veffel,  the  magnetic  virtue 
will  either  vanifh,  or  will  be  found  to  be  very 
much  weakened. 

Becaufe  the  pofition  of  many  of  them  will  be  inverted, 
and -will  therefore  countera£t  each  other,  one  attra£^ing 
what  the  other  repels. 

15.  The  component  particles  of  a  magnet  being 
all  complete  magnets  in  themfelves,  fome  philofo- 
phers  have  fuppofed,  that  in  its  original  formation, 

they 
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they  would  arrange  themfclvcs  in  an  orderly  poU^ 
tion,  the  homogeneous  poles  looking  the  fame  way, 
fo  that  the  heterogeneous  poles>  which  attrad  eacli 
other,  would  be  in  contaft. 

Clare,  in  his  Motion  of  Fluids,  adopts  this  opinion  (toni 
Sir  Ifaac  Newton's  Queries :  <*  It  is  not  improbable^''  £xj% 
Newton,  <<  but  that  there  may  be  a  polarity  in  many  other  pans 
of  matter,  as  well  as  in  the  magnet  and  iron,  in  wluch  thej 
are  certain  and  inconteftable.  That  there  is  fuch  a  pro- 
perty in  feveral  fixed  and  cryftallifed  falts,  is  pretty  ap- 
parent, by  their  always  ranking  and  difpofing  themfelves  in 
oile  certain,  unalterable  manner,  as  often  as  they  are  re- 
duced from  a  fluid  to  a  fixed  ftate/'  But  this  opinion  is 
more  i$af  ticuhrly  infifted  oh  and  illuftrated  by  Mr.  Kirwan, 
in  the  Tranf.  of  the  R.  I.  Acad.  vol.  6. 

16.  The  fmalleft  quantity  of  antimony  mixed 
with  iron  deftroys  its  polarity. 

This  probably  arifes  from  the  magneto  cryftalliffing  in 
a  manner  di£Ferent  from  that  which  takes  place  in  the  na- 
tural magnet  %  for  diflTerent  fubftances  aflume  difierent  forma 
in  cryftallifing. 

17.  Extreme  cold  has  an  influence  on  the  mag- 
net. 

Captain  Ellis,  in  his  Voyage  to  Hudfon's  Bay,  relates, 
that  in  an  intenfe  cold,  his  compaflTes  loft  their  direAiye 
power;  and  that  on  bringing  them  near  the  fire,  thby  foon 
recovered  it.  This  feems  analogous  to  the  preceding  ar- 
ticle. 

iB.  Heat  weakens  the  power  of  a  magnet. 

For, 
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For,  by  the  heat,  the  particles  are  thro^wn  into  a  tremu- 
•lOttS  motion^  fo  that  the  regular  difpofition  of  the  hotnoge^ 
neous  poles  is  difturbed. 

19.  The  attraftive  force  of  the  magnet  varies 
in  the  inverfc  duplicate  ratio  of  the  diftance 

This  is  proved  by  the  experiments  of  Monf.  Coulomb^ 
Acad.  Science,  Paris,  1785.  Former  philofophers  failed 
in  their  refearches  as  to  this  law,  bccaufe  they  did  not  take 
into  their  calculation  four  diftances,  as  is  neceffary,  viz* 
between  the  centre  of  aftion  of  each  of  the  two  poles  of 
the  attrafking  and  attrafted  body.  The  fame  thing  is  like- 
wife  proved  by  M.  Lambert,  Mem.  Berlin,  Tom.  22 ;  but, 
I  believe,  firft  of  all  by  Mr.  Michell.  Mufchenbroek 
thought  that  the  repulfive  power,  at  equal  diftances,  was 
lefs  than  the  attraftive ;  but  Mr.  Michell  fays,  that  this  is 
a  miftake ;  which  arofe  from  his  not  confidering,  that  when 
the  contrary  poles  are  placed  together,  the  power  of  the 
magnet  is  increafed  $  but  if  the  fynonymous  poles  be  placed 
together,  its  force  will  be  diminifhed. 

20.  The  attraftive  force  of  fimilar  magnets  is 
proportional  to  their  furfaces. 

This  appears  from  the  experiments  of  M.  Dan.  Bemouilli. 
See  Joum.  Helvetiques,  Nov.  1758;  and  alfo  a  letter  to 
MonC  J.  Trembley,  inferted  in  Saufiiire's  Journey  to  the 
Alps,  vol,  L  p.  58.  See  alfo  Button's  M^gnetifm,  p.  7a. 
This  fa£t:  feems  to  fuggeft  the  operation  of  a  magnetic  fluid, 
which  ads,  like  the  eledric  fluid,  in  proportion  to  the  fur- 
face,  and  not  as  gravity,  in  proportion  to  the  quantity  of 
matter. 

2  K  21.  Smaller 
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21.  Smaller  natural  magnets,  have  a  greater  aN 
traftive  power  than  larger^  in  proportion  to  thtrt 
fize. 

This  follows  froin  the  laft  article. 

22.  A  natural  magnet,  cut  off  frdih  a  larger^ 
i*ill  fomef  imes  be  m6re  powerful  than  the  entire 
original  load-ftone. 

This  ihuft  be  attributed  to  the  heterogeneous  matter  in 
the  larger  otie,  which  obftrufts  the  adion  of  the  purer  part 

23*.  A  plate  of  iron,  but  no  other  body,  inter- 
pofed,  can  impede  the  operation  of  the  load-ftone. 

Of  the  Influence  of  Magnets  on  each  otker. 

24.  If  a  magnet  be  fufpended  near  another  w\ucU 
is  fixed,  the  former  will  be  turned  out  of  its  ufual 
pofition,  fo  that  its  axis  (hali  approach  towards  co- 
incidence with  the  axis  of  the  fixed  magnet. 

This  is  called  the  direfti?e  power  of  die  magnet;  and 
follows  from  Art.  7. 

25.  The  direftive  power  of  a  magnet  extends  to 
a  greater  diftance  than  its  attraftive  power. 

For  the  former  arifes  both  from  die  attra£lion  of  die  he- 
terogeneous and  repuHion  of  the  hofmogeneous  poles  \  die 
latter  fubfifts  only  between  heterogeneous  poles. 

26.  The  magnetic  power  in  two  magnets  will  be 

increafed,  by  letting  them  remain  with  their  cbft- 

trary  poles  together. 

27.  If 
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27.  If  the  homogeneous  poles  of  two  magnets 
be  placed  together,  they  will  deftroy  each  other*« 
eflEeds. 

28.  If  the  homogeneous  poles  of  a  ftrong  and  a 
weak  magnet  be  placed  together,  the  polarity  of 
the  \ireaker  will  be  firft  diminifhcd,  then  annihi? 
lated,  andat  laftreverfed,- 

29.  If  the  homogeneous  poles  of  a  ftrong  and  a 
w€ak  magnet  be  placed  oppofite  and  near  to  each 
other,  the  magnetic  centre  of  the  weaker  will  gradu- 
ally recede  towards  the  extremity  which  is  fartheft 
from  the  ftronger  magnet,  until  at  length,  when 
the  poles  are  reverfed,  a  new  magnetic  centre  will 
arife.     ' 

For  the  magnet  will  firft  change  the  pofition  of  the  partU 
cles  in  die  end  next  to  it,  to  fome  certain  diftance ;  and  the 
particles  which  retain  their  original  pofition,  for  a  certain 
portion,  will  form  a  countera^ing  power  to  that  of  the  in- 
verted particles;  therefore  the  magnetif  centre  will  bp 
nearly  in  the  middle  of  the  remaining  part  of  the  magnet, 
and  confequently  nearer  to  the  remote  extremity  of  th^ 
bar. 

30.  A  magnet  attracts  another  of  equat  ftrength 
niore  forcibly  than  a  piece  of  irqn  of  2iny  dimfin* 
fions. 

See  Van  Swinden's  Mem.  vol.  ii.  p.  500. 

31.  A  magnet  attrafts  a  weaker  magnet  more 

3  K  2  forcibly 


Digitized  by  VjOOQIC 


436  MAGNETISM. 

forcibly  than  a  piece  of  iron  of  the  fame  hardnefs 
and  dimeniions. 

32.  If  a  fmall  piece  of  iron  be  brought  into  con- 
tadt  with  a  magnet,  and  adhere  to  it ;  and  if  a  bar 
of  iron,  not  magnetic,  be  then  brought  near  to  the 
kad-ftone,  but  without  touching  it,  the  fmall  piece 
of  iron,  as  foon  as  it  is  touched  by  the  bar,  will  fol- 
low it,  and  defert  the  load-ftone. 

See  Mem.  de  TAcad.  1777,  p*  276.  283  and  Spinas 
Tent.  §.  160. 

Of  Artificial  Magnets. 

33.  If  a  bar  of  iron  be  brought  near  a magnef,  it 
will  be  rendered  magnetical,  that  part  of  it  which  is 
neareft  to  the  magnet  acquiring  a  contrary  poUnty. 

Iron  rendered  magnetical  is  called  an  artificial  magnet. 

34.  In  whatever  manner  an  oblong  piece  of  iron 
be  applied  to  the  load-ftone,  it  will  receive  its  vir- 
tue only  lengthways. 

35.  If  an  artificial  magnet  be  cut  through  the 
axis,  the  parts  which  were  before  in  contaft  will 
iepel  each  other. 

This  is  conformable  to  Art.  11. 
.  36.  If  an  artificial  magnet  be  cut  in  a  direction 
perpendicular  to  the  axis,  each  part  will  be  a  per- 
fect magnet,  the  polarity  of  the  parts,  which  were 
before  in  contact,  being  contrary. 
This  is  conformable  to  Art.  1 2. 

37.  Since 
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37.  Since  an  iron  bar  rendered  magnetic,  has 
all  the  properties  of  a  natural  magnet,  we  may 
conclude,  that  its  conftituent  particles  are  endued 
with  polarity,  and  are  brought  into  a  regular  dif- 
pofition  by  the  action  of  the  magnet. 

38.  If  a  fmall  dry  glafs  tube,  filled  with  iron 
filings,  prefled  clofe,  be  touched  with  a  magnet, 
as  if  it  were  an  iron  bar,  the  tube  will  be  rendered 
magnetical ;  and  if  the  tube  be  then  fliaken,  fa 
that  the  iituation  of  the  filings  may  be  difturbed, 
the  magnetic  virtue  will  vanifti. 

Becaufe  all  the  particles  are  made,  by  the  touch,  fo 
many  magnets,  whofe  homogeneous  poles  look  the  fame 
way )  but  when  fhaken,  this  orderly  difpofition  is  difturbed. 

39.  A  bar  of  foft  iron  acquires  and  lofes  mag-* 
jietifm  Cooner  than  a  hard  bar. 

40.  If  a  bar  of  iron  be  prefented  to  the  mag- 
netic centre,  it  will  not  acquire  magnetifm. 

41.  If  a  fmall  magnetic  needle  moveable  on  a 
pivot;  be  placed  between  two  magnets,  fo  that 
the  heterogeneous  poles  of  the  needle  and  the 
magnets  may  be  near  each  other,  the  needle  will 
be  thrown  into  a  violent  vibratory  motion,  which 
will  continue  for  fome  time,  and  at  length  the 
needle  will  become  perfectly  quiefcent. 

42.  A  long  bar  of  iron  or  fteel,  or  a  long  piece 
of  iron,  fuppofc  of  three  or  four  feet,  may  have 
fcveral  poles  following  each  other  alternately. 

For 
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For  the  pole  of  the  magnet  next  the  iron  bar  generates 
a  contrary  polarity  in  a  certain  portion  of  it;  and  that  part, 
for  the  fame  reafon,  generates  a  contra|fy  polarity  in  the 
next  party  and  fo  on.  Thefe  fucpeflive 'poles  become  gra- 
dually weaker  in  power^  according  as  they  recede  from  that 
end  of  the  bar,  which  is  contiguous  to  the  magnet. 

This  confecution  of  poles  refembles  the  alternate  fucceA 
ceffion  of  the  contrary  ele£iricities  in  an  infulated  condudor. 
Sec  Art.  82.  Eledricity;  and  therefore  fuggcfts  the  cxif- 
tence  of  a  magnetic  fluid. 

43.  When  feveral  poles  alternately  follow  each 
other,  as  in  the  laft  article,  the  firll  magnetic  cen- 
tre is  very  near  that  end  of  the  bar,  which  is  next 

to  the  magnet. 

44*  A  magnet  cannot  communicate  its  adion 

through  an  iron  bar  which  exceeds  a  certain  \engt\i* 
This  length  depends  on  the  force  of  the  magnet  -,  but  it 
▼cry  feldom  exceeds  fix  feet. 

45.  There  is  no  magnetic  attradion  but  be- 
tween the  contrary  poles  of  two  magnets. 

For  iron  prefented  to  a  magnet  m^ft  itfelf  become  a 
magnet  before  it  will  be  attraded. 

46.  Both  poles  of  a  magnet  equally  attraft 
needles  till  they  are  touched ;  then  it  is,  and  then 
only,  that  one  pole  begins  permanently  to  attra<5^ 
one  end,  and  to  repel  the  other. 

47.  To  find  whether  a  bar  of  iron  or  fteel  be 
magnetic,  apply  one  end  to  a  magnetic  needle,  if 

it 
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it  attrads  b<>th  ends  of  the  needle,  it  is  not  mag- 
netic 9  but  if  it  attraAs  one  end,  and  repels  the 
other,  it  is  magnetic. 

48.  If  one  end  of  a  magnet  be  drawn  along  a 
needle,  or  any  bar  of  iron  or  fteel,  feveral  times 
in  the  fame  direftion,  the  needle  or  bar  will  be- 
come magnetic ;  and  that  extremity  of  the  iron  or 
fleel,  which  the  magnet  touched  lad,  acquires  a 
polarity  contrary  to  that  of  the  end  of  the  mag- 
net which  touched  it. 

This  is  called  the  fingle  touchy  and  is  conformable  to 
Art.  33. 

49.  If  the  magnet  be  drawn  in  a  contrary  di- 
reftion,  it  takes  away  by  the  fccond  flroke,  the 
magnetifm  which  it  communicated  by  the  firft. 

50  If  two  magnetic  bars,  parallel  toeach  other, 
and  whofe  homogeneous  poles  lie  contrary  ways, 
be  fet  perpendicularly  on  an  horizontal  bar,  and 
then  rubbed  from  the  middle  to  one  end ;  and  fo 
backwards  and  forwards,  feveral  times,  ending  at 
the  middle,  the  horizontal  bar  will  be  rendered 
magnetical^  and  its  ends  will  acquire  a  polarity 
contrary  to  that  of  the  refpeftive  ends  of  the  per- 
pendicular magnets  which  touched  them. 

This  is  called  the  double  touch,  and  is  founded  on  the 
fame  principle  with  Art.  48. 

51.  The 
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51.  The  piowcr  <rf  a  magnet  is  rather  increased 
than  dimmilhed  by  communicating  magnctifm  to 
other  fubftances. 

5Z.  A  magnet  cannot  communicate  a  grrater 
power  than  itfelf  poffefles. 

53,  The  attradivc  power  of  a  magnet  ma/  be 
incrcafed  confidcrably,  by  gradually  increafiog  tht 
weight  which  it  fuftains. 

54.  The  holding  a  piece  of  iron  to  one  pole  oi 
a  magnet,  increafesthe  power  of  the  other. 

Thia  fgllows  froin  Art.  51. 

^^.  Several  magnets  of  nearly  an  equal  degree  of 
magnetifm,  when  joined  together,  have  a  Rrongi^T 
power  than  one  of  them  fingly. 

56.  If  two  pieces  of  foft  iron  be  adapted  to  the 
two  poles  of  a  magnet,  fo  as  to  projeft  on  the 
fame  fide  of  the  magnet  in  a  direftion  perpendicu- 
lar to  its  axis,  thefe  pieces  themfelves  being  ren- 
dered magnetical,  another  piece  of  iron  may  be 
applied  to  their  projeftions,  fo  as  that  both  poles 
may  aft  in  conjunftion. 

To  determine  the  quantity  of  iron  which  is  to  be  tbus 
applied,  try  the  magnet  with  fcvcral  iron  bars,  and  the 
greatcft  weight  which  it  takes  up,  will  be  the  weight  re- 
quired. 

This 
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This  b  called  the  armature.  For  the  fame  purpofe,  And 
to  aToid  the  armature,  magnets  are  often  made  in  the  form 
of  a  horfe-'ihoe,  haying  the  poles  in  the  extremities. 

57.  The  magnetifm  of  iton  is  ftroiiger  in  pro- 
jportion  ^s  it  is  more  difoxygenated. 

58.  There  are  fome  refraftory  mines  of  iron, 
which  are  not  magnetical  till  after  calcination. 

59*  Vitrification  does  not  change  the* magnetifm 
of  iron, 

6o«  Pulverifation  makes  no  change  in  the  mag* 
netifm  of  iron. 


0/  the  Magnetifm  of  the  Earth. 

61.  The  earth  has  been  fuppofed  to  be  a  great 
magnet. 

For  it  produces  all  the  phsenomena  of  a  natural  mag- 
net. 

The  learned  Mr.  Eirwan  has  with  great  ingenuity  en*' 
deavoured  to  (hew,  that  the  earth  is  a  great  magnet,  formed- 
by  the  chryftallifation  of  its  iron  and  magnetic  ores,  from 
a  fluid  ftate,  in  which  it  exifted  at  its  formation.  And  as 
the  {hoots  of  the  chryftalls  would  be  found  in  that  direc-* 
tion  in  which  they  were  leaft  difturbed,  they  would  all 
lie  orderly  in  a  dire£lion  parallel  to  the  axis  of  the  earth, 
and  the  axis  of  the  magnet  coincide  with  the  axis  of  rota-^ 
tion. 

3  L  Nevcrthelcfs, 
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NeyerthelelSf  there  appear  ftrong  objedions  to  this  bf-* 
pothefis^  See  iEpinus,  p.  300:  As  i.  Iron  is  not  found 
to  be  heavier  near  the  poles^  than  towards  the  equator, 
d.  If  a  bar  of  foft  iron  be  held  verticaly  it  is  rendered 
magnetic ;  if  horizontal,  it  quickly  lofes  that  power;  there- 
fore in  the  yerdcal  pofition  it  ought  to  be  heavier  than  in 
the  horizontal,  which  does  not  appear  to  be  the  cafe.  See 
Cavalloy  p.  93.  3.  If'  a  magnetic  needle,  lying  on  a 
piece  of  cofic,  be  floated  on  water,  it  ought  always  to  move 
to  the  northern  fide  of  the  veflel,  and  not  continue  at  re& 
m  the  middle.  4.  Though  many  ftones  and  ores  are 
impregnated  with  iron,  yet  they  are  not  in  that  ftate 
magnetical.  See  Cavallo,  p.  i6.  that  is,  they  will  notaf- 
fe&  2L  magnetic  needle,  though  they  themfetves  mzfbc 
afie£ted  by  a  magnet.  $ .  The  magneti(m  of  tbc  earth  feems 
incompatible  with  the  Variation  of  the  needlcf. 

6z.  The  poles  of  any  magnet  will  be  direfted 
one  towards  one  of  the  magnetical  poles  of  theearth, 
the  other  towards  the  other. 

This  follows  from  art.  7  and  61.  The  pole  which  is  &* 
re£led  towards  the  north  pole  of  the  world,  is  called  die 
north  pole  of  the  magnet  \  the  other  the  fouth  p<^. 

63.  The  magnetic  axis  of  the  earth  is  not  com* 
cident  with  the  axis  of  revolution^ 

For  the  north  pole  of  the  magnet  is  not  dire&ed  exadlf 
towards  the  pole  of  the « world.  This  is  called  the  variaticfif* 
'  64.  The  magnetic  needle  is  fubject  to  a  diurnat 
variation,  moving  in  northern  latitudes,  genera/Tj 

towards 
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towards  the  weft  before  noon,  and  afterwards  gra- 
dually returning. 

It  lias  been  conje&ured  that  this  may  arife  from  the 
diurnal  change  ki  the  heat  of  the  earth;  fortheeaftem 
part9  vf  the  earth  being  heated  fafter  in  the  morning  than 
the  weftem,  their  attraftive  force  on  the  needle  will  be 
weakened,  by  Art.  18,  and  therefore  the  needle  will  move 
weftward. 

But  the  magnedcal  nucleus,  to  which  we  attribute  the 
diredion  of  the  magnetic  needle,  is  certainly  buried  at  a  very 
confiderable  depdi  below  the  furface  of  the  earth ;  whereas 
we  loiow,  that  the  line  which  feparates  the  teireftrial  cruft, 
fttbjeQ  to  the  influence  of  begt  and  cold,  from  that  which  is 
not  fubje&  to  it,  does  not  lie  far  below  the  furface,  for  in 
caves  of  even  moderate  depth,  the  thermometer  preferves  4 
permanent  ftate^ 

65.  The  magnetic  needle  is  fubjed  to  an  annual 
variation. 

DpQor  Halley  endeavoured  to  account  for  this  phaeno* 
menon,  by  fnppofing,  that  the  axis  of  the  magnetic  nucleus 
was  not  exaflly  coincident  with  the  axis  of  the  earth,  and 
that  this  nucleus  was  alfo  moveable  within  the  body  of 
the  parth.  However  it  has  been  found,  that  the  variation 
is  not  regular  ip  any  place,  as  it  ought  to  be  on  this  hypo- 
thefis.  It  is  however  fingular,  that  the  ^tites,  or  Eagle 
ftone,  which  is  of  the  clafs  of  iron  ores,  contains  a  nucleus, 
which  is  frequently  moveable  in  the  centre  of  tjhe  fijone. 
Sec  Fourcroy's  Ch«n.  V.  3.  p.  219. 

3La  66.  The 
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66.  The  Aurora  Borealis  produces  irregulariticf 
in  the  declination  of  the  needle. 

For  during  an  aurora  borealis  the  needle  i&,  ia  general, 
much  difturbed,  while  a  fimilar  needle  of  brafs  is  not  at  afl 
agitated.  Since  it  is  unqueftionable  that  the  aurora  borea* 
lis  has  a  magnetical  influence  on  the  needle,  and  that  tho 
needle  is  fubjefl;'  to  a  daily  variation,  perhaps  the  aurora  bo» 
realis  ezifts  daily  in  the  atmofphere,  fo  as  to  produce  this 
daily  variation,  and  the  annual  variation  alfo. 

67.  If  a  magnet  be  fufpended  on  an  horizontal 
axis  at  its  centre  of  gravity,  fo  that  it  may  vibrate 
in  a  vertical  circle,  the  north  pole  of  the  magnet,  on 
the  northern  fide  of  the  equator,  will  be  depre/Tcd  ,- 
and  the  fouthern  pole  depreffed  in  the  fouthcra  la- 
titudes. 

Becaufe  in  Northern  btitudes,  the  influence  of  the  nor- 
thern magnetic  pole  of  the  earth  is  predominant.  This  is 
called  the  dipping  needle.  At  the  equator  there  is  no  dip. 
If  a  needle  were  placed  exz&lj  £.  and  W.  at  the  equator,  it 
would  remain  fo ;  but  on  the  flighteft  agitation  it  would  tra- 
f  erfe,  and  point  N.  and  S. 

68.  If  a  bar  of  foft  iroq  be  kept  vertical,  or  rather 
parallel  to  the  magnetic  axis  of  the  earth  for  fomc 
time,  it  will  become  magnetic,  the  lower  end  ac- 
quiring a  north  polarity  in  the  northern  latitudes  j 
but  in  the  fouthern  parts  of  the  earth  it  acquires  a 
fouth  polarity.     On  revcrfing  the  bar,  the  poles  arc 

immediately 
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immediately  changed.     This  follows  from  Art.  33 
and  6i. 

69.  In  northern  latitudes,  the  fouth  pole  of  a 
magnet  is  ftrongcr  than  the  north  pole 

70.  If  an  iron  bar  made  red  hot,  be  left  to  cool 
in  the  magnetic  Hne,  it  will  acquire  a  degree  of 
magnetifm,  which  is  more  or  lefs  •  permanent  ac- 
cording to  the  nature  of  the  iron. 

For  the  iron,  while  red  hot,  is  foft,  and  therefore  the 
earth,  or  perhaps ibmeatmofpherical  caufe,  canmore  eafily 
render  it  magnetical ;  but  when  cooled,  it  becomes  harder, 
and  confequently  more  tenacious  of  the  power  it  has  ac- 
quired. 

71.  If  an  iron  bar  held  vertical,  be  rubbed  al- 
ways in  the  fame  direftipn  againft  an  horizontal 
bar  from  one  end  to  the  other,  the  horizontal  bar 
will  become  magnetical,  that  extremity  which  was 
firft  touched,  being  the  north  pole  in  the  northern 
parts  of  the  earth. 

For  the  vertical  bar  either  by  the  z€tion  of  the  earth,  or 
of  fome  caufe  exifting  in  the  atmofphere,  becomes  a  mag- 
net, whofe  lower  end  therefore  acquires  a  north  polarity 
by  Art.  68.  therefore  by  Art.  48.  the  extremity  laft  touched 
acquires  a  contrary  polarity,  that  is,  a  fouthem  polarity ; 
and  of  courfe,  the  extremity  which  is  firft  touched,  ac- 
quires a  northern  polarity. 

72.  If  an  horizontal  bar  be  rubbed  from  both 

endi 


Digitized  by  VjOOQ IC 


446  MAGNETISM* 

ends  to  the  middle,  it  will  have  two  north  poJes^ 
one. at  each  end,  and  a  foutb  pole  in  the  middle. 

73.  If  the  horizontal  bar  be  rubbed  both  ways 
from  the  middle  to  the  two  extremities,  it  will 
have  two  fouth  poles,  one  at  each  end,  and  a  nortk 
pole  in  the  middle. 

74.  If  an  iron  bar  be  held  vertical,  a  few  finart 
ftrokes  of  a  hammer  will  give  it  polarity. 

This  (hews,  that  a  certain  difpofition  of  the  particles  of 
iron  is  fcquifite,  in  order  that  it  (hould  be  mag^ticali 
whidi  i9  the  opinion  of  Van  Swinden.  See  his  Memoirs, 
VoL  I.  p-  479. 

75.  If  a  bar,  weakly  magnctifcd,  be  held  verti^ 
cal,  and  ftruck  alternately  at  each  end,  its  polarity 
may  be  deftroyed  or  reverfed. 

If  the  polarity  be  deftroyed,  we  may  conclude  from  Art, 
38,  that  the  hpmogeneous  pples  of  the  component  or  ele- 
mentary magnets,  are  thrown  into  contrary  pofitions,  by  the 
contrary  vibrations  produced  by  the  ftrokes  of  the  hammer 
at  each  ^nd  of  tl>e  bar.  If  it  be  reverfed,  by  parity  of  rca* 
fon  we  infer,  that  the  greater  part  of  the  particles  bzr^ 
the  pofition  of  their  poles  inverted. 

76.  The  ele<ftric  (hocjc  fr^qufntly  gives  polarity 
to  iron  bars' through  which  it  is  tranfmitted. 

For  in  its  pafiage  through  the  bar,  it  agitates  the  partir 
cles  of  the  iron,  and  therefore'  produces  an  eBoBt  fimilar 
tq  that  in  Art.  74.     3o  that  electricity,  as  fuch,  does  not 
(oqtfibute  to  the  communication  or  deftni£lionof  the  mag- 
netic 
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tiedc  irittue^  but  merdy  on  the  principle  of  exciting  a  tre- 
mulous motion  amongft  its  particles,  fo  as  that  the  earth  or 
atmofphere  maj  give  that  difpofition,  on  which  polarity 
Icems  to  depend. 

77.  The  aurora  borealis  is  probably  a  magnetic 
meteor. 

For  I.  the  northern  pole  of  the  needle  appears  to  follow 
the  aurora  borealis,  See  Van  Swinden's  Mem.  Vol.  p.  2474 
2.  The  rays  of  the  aurora  borealis  feem  to  converge  to  the 
magnetic  pole.  See  Mairan,  and  Encyclop.  Brit,  alfo  Caval«* 
lo,  p*  33I9  and  Meteorological  Obfervations  and  Eflays  by 
J.  Dalton,  An.  1793*  3.  A  magnetic  needle  appears  much 
difturbed  during  an  aurora  borealis»  while  a  fimilar  needle* 
of  brafs  is  not  agitated. 


0/  tie  Caufe  of  Ma^iettfm. 

78.  There  is  no  direft  experiment  by  which  the 
exiftehce  of  a*  magnetic  fluid  can  be  proved. 

The  opinion  that  magnetifm  was  occafioned  by  a  fluidt 
entering  in  at  one  pole,  and  palling  out  at  the  other,  took 
its  rife  from  the  following  experiment :  having  put  a  (mall 
magnet  among  fome  iron  filings,  laid  upon  a  piece  of  paper, 
give  the  table  a  few  gentle  knocks  with  your  hand,  fo  as 
to  ihake  the  filings  a  little,  and  they  will  difpofe  tbemfelves 
in  curves  terminating  at  the  poles,  and  concave  towards  the 
axis  of  the  magnet  But  this  tStCt  is  occafioned  merely 
by  the  action  of  the  magnet  on  the  filings,  each  particle 

becoming 
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becoming  itfcif  a  magnet  ^  fo  that  tbere  are  formed  fareral 
firings  of  magnets,  reaching  from  one  pole  of  the  central 
and  principal  magnet  to  the  other. 

79.  Neverthelefs,  it  feems  that  the  exiftence  oi 
a  magnetic  fluid  muft  be  admitted;  becaufe  ure 
cannot  conceive  a  body  to  aft  where  it  is  not. 

«<  That  graTity/'  fays  Sir  I.  Newton,  <«  flumld  be  io- 
nate>  inherent  and  eflential  to  matter,  fo  that  one  body 
may  zSl  upon  another  at  a  diftance,  through  a  Tacaun^ 
without  the  mediation  of  any  thing  elfe,  by  and  th/ough 
which  their  a&ion  and  force  may  be  conveyed  from  one  to 
another,  is  to  me  fo  great  an  abfurdity,  that  I  believe  no 
man,  who  has  in  philofophical  matters  a  competent  faculty 
of  thinking,  can  ever  fall  into  it/'  See  Bifhcp  Horfetej^B 
Newton,  vol.  iv.  p.  438. 

80.  It  feems  probable  that  magnetic  phaenomenji 
arife  from  caufes  exifting  in  the  atmofphere. 

The  magnetic  needle  is  certainly  afiefled  by  atmofpheri- 
cal  caufes ;  and  therefore  all  its  phenomena,  perhaps,  de- 
pend on  the  fame  caufes.  The  magnetifin  of  the  earth  is 
an  hypothecs,  but  the  influence  of  atmofpherical  caufes  on 
the  needle  is  a  hOi. 

81.  Magnetic  phaenomena  depend  on  a  medium 
more  fubtlc  than  air. 

For  the  magnet  attra&s  iron  with  tlie  fame  force  in  vacuo 
as  in  the  open  air. 

82.  Eleftricity  and  magnetifm  do  not  interrupt 
each  other's  operation. 

For 
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For  an  ele£irified  magnet  attra£ks  light  bodies  of  all  kinds 
by  its  eleSric  power }  at  the  fame  time  that  it  attraAs  iron 
bj  its  magnetic  virtue. 

83.  The  caufcs  of  eleftricity  and  magnetifm  arc 
difFcrent. 

Becaufe,  i.  Eledricity  zSts  on  all  bodies^  magnetifm  on 
iron  only.  2.  Eledricicy  affeds  the  lenfes,  magnetifin  does 
not.  3.  Points  neither  fupply  nor  abforb  the  magnetic  fluid 
more  abundantly  than  blunt  bodies>  as  they  do  in  eledricity. 
4.  Moifture  dimini£bes  eledrical  adion,  but  has  no  influence 
on  magnetifin.  5*  The  whole  of  any  fubftance  may  acquire 
one  kiiid  of  ele£lricity  throughout;  but  every  magnede  body 
has  both  kinds  of  magnetifm.  6.  The  Aurora  Borealis  is 
not  an  ele£b:ical  meteor,  yet  it  influences  the  magnetic 
needle, 

84.  Though  the  clcAric  and  ms^netic  pOWCrs 
are  different,  yet  there  fubfifts  a  ftrong  analogy  be- 
tween them. 

As,  I.  Ele&ricity  is  of  two  kinds;  fo  is  magnetifm. 
2.  Bodies  fimilarly  electrified,  or  fimilarly  magnetifed,  repel 
each  other  ;  if  diifimilarly,  they  attra£l  each  other.  3. 
There  is  no  elcArical  or  magnctical  MttruAl^n  except  be- 
tween bodies  differently  eleflxificd  or  magnetifed.  4.  If 
a  body  be  brought  near  another  which  is  eledrified,  its  end 
next  the  electrified  body  acquires  the  contrary  eleClricity, 
and  the  remote  end  of  it  the  fame  kind  of  eleftricity ;  fo  in 
magixctifm ;  and  in  this  cafe  the  neutral  point  is  analogous 
to  the  magnetic  centre,.  5.  The  different  kinds  of  eleClricity 
and  magnetifm  fometimes  fucceed  each  other  alternately,  for 
feveral  times  in  the  fame  body;  fo  alfo  in  magnetifm.  6.  One 
kind  of  electricity  or  magnetifm  cannot  be  produced  without 

3  M  the 
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the  Other,  j.  A  body  more  powerfully  eledrified  or  mag- 
tietifed  thaa  another  which  is  in  the  contrary  ftate,  when  ap- 
plied to  it,  will  change  it&  elcarncity  or  magnetifm.  8.  If 
an  excited  eledric  be  broke  tranfyerfely,  the  pares  wfaich  were 
before  in  conta6l  will  be  found  diverfely  eledrified  ;  fo  ia 
magnetifm.  9.  The  elc£bric  and  magnetic  powers  are  pro- 
portional to  the  furfaces,  not  to  the  folid  contents  of  the 
eleffa-ified  and  magnetic  bodies.  lO.  A  confiderable  degree 
of  heat  deftroys  both  ele£fcricity  and  magnetifm; 

85.  Animal  m^nctifm  appears  to  be  a  mere  fig- 
ment ;  and  all  the  effcfts  afcribed  to  it  hare  bceu 
produced  either  by  the  imagination,  or  by  drugs 
fecretly  applied^ 

S6.  Medical  eife6b  have  been  produced  on  the 
human  body  by  the  est^rnal  application  of  mag- 
nets. 

It  appears  that  the  magnet  a£ls  as  a  fedat^ve  or  antifpaf- 
modic.  Brimftonc  and  camphor,  applied  externally  to  the 
body,  have  been  foundl  to  z&  in  the  fame  manner.  Hence 
we^may  derive  another  argument  in  fiivour  of  the  exiftence 
of  a  magnetic  fluid;  for  we  can  fcarcely  fuppofe  that  the  mag- 
net produces  thi^  effed  by  Its  merely  atcra£ling  or  repelling 
the  particles'of  iron  which  are  in  the  blood.  But  this  li:ems 
to  be  put  beyond  all  doubt  by  obferving,  that  the  magnet  docs 
not  ^&.  upon  the  particles  of  blood  until  they  have  been  cal- 
cined I  and  therefore  can  have  no  influence^  on  the  -  aninul 
body  mex.iy  by  its  attractive  power. 

FINIS. 


J.  Bailey,  Printer* 

13,  Roll's  finitdings,  Fetter  LtHf, 
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CATALOGUE 

^    OF 

Optical,  Mathematical,  and  Fhilos6phical 

MADE  AND  SOLD  BY 

W.    AND    S.     JOKES, 

[No.  30  J 
LOWEfR    HOLBORN,  LONDON. 


OPTICAL  INSTRUMENTS.  £.  s.  d. 

Best  doublc-joInted  standard  gold  spectacles,  with  peb- 
bles, and  iish-skin  gold-mounted  case -  l6  l6  O 

Good  jewellers'  gold  ditto,  without  case,  from  5/.  5s.  to  .•  7    7  0 

Standard,  single-jointed,  with  gold-mounted  cdat lO  10  O 

Good  jeweller  8  gold  ditto,  without  case,  frcAn  3/.  13j.  &^  to  5    5  0 

l^est  double-jointed  silver  ditto,  with  pebbles 1  l6  O 

Ditto,  ditto,  with  glasses \ r ^  I     1  O 

Ditto,  frames  silver  gilt ....;...  Ill  fi 

Best  single-jointed,  with  pebbles 1     8^0 

Ditto,  with  glasses '. O  15  O 

Best  double-jointed  steel  ditto,   with  glasses O    Q  O 

Common  ditto ^ O    5  0 

Best  single-jointed  steel  spectacles,  with  fish-skin  case  . .  0    5'^ 

Second  best  ditto O    3  O 

Tortoiseshell  spectacles,  silver-joyited,  with  pointed  and 
other  shaped  sides,  peculiar  for  their  Kehtness  and  unin-  ' 

terruption  of  dressed  hair,  in  morocCo  leather  cases. ...  0  10  6 

Ditto,  double-jointed  frames Q  l6  O 

Spectacles  for  eyes  that  have  been  couched : 0    7  6 

Ditto,  with  green  glasses  for  very  weak  and  influned  tfe», 

s(hcording  to  the  frames,  from  6s.  to 1     10 

Ditto,  for  the  same  purpose,  with  new  contrived  portabla 

'shades  to  screen  the  eyes  from  candle,  or  other  light.  • .  •  0  15  O 

Spectacle  cases  in  great  variety,  from  3d.  each  to O  16  O. 

Concave  glasses  for  short-sighted  persons,  in  horn  cases.-.  O    2  O 

Ditto,  in  tortoiseshell,  pearl,  silver^  &c.  from  3s.  to 2    2  O 

Ditto  in  new  contriv^  frames  for  shooting  caps O  10  O 

Shigle  concave  or  convex  eye-glasses,  mounted  in  sily^- 

ring  frames 1 .\ ..     0     6  6 

Ditto,  in  gold  frames % *     1     0  O 

A  new  contrived  folding-joTot  do*  to  answer  as  a  single^ 

or  spectacle-like  hand-frame,  in  silver » 1    4  O 

Ditto,  in  goM,  irom  3/.  3;.  to , ••••*  ^    5  O 

Beading  and  burning  glasses  in  variou8mountings,fixHn3/.to  1  16  O 
Convex  glasses  for  watch-makers,  lengravers^  Bee.  from 

ix.  w.  to o  10  e 

Printed  by  W.  Qlcndinnioti S5^  llattoA  Garden,  Lond<Ni.  ISljl, 


Digitized  by 


Google 


^  l^     s.   d. 

Goggfeis,  ^  gtiardl  (ho  eyes  from  dust  or  wliul. o    4    ^ 

ilTerr  green  light  shades  for  thfi  eyes O    6    6 

Qperar  glasses  in  great  variety  of  nlountings,  from  &.  ^.  to     2   12     6 

Ditto  on  an  ifimroYcdconsti^ctidn  of  glassed^plain  mounting     \     5    O 

'    RbfkactinoTblbsco PES  of  various  lengths,  10s,6d.io     1   18    O 

Two  feet  day  and  night  best  achromatic  telescopes....      3   13    6 

Do.  large  aperture  best  night  Telescopes 2   16    O 

Achromatic  stick  telescopes,  of  various  lettgths,  from  1  /.  I  j.  to     5     5    O 
The  new  improved  one-foot  ditto,  with  three  sliding  brass 
tubes,  by  which  an  instantaneous  view  of  the  object  is  ob- 
tained, and  shuts  ^p  to  a  short  length  for  the  pocket  • .      1   15    0 

Second  best  two  drawers  ditt^. ^ ^ I     4    O 

Twenty  inch  best  three-drawers  ditto , 2   12    6 

TWo  feet  best  three.-drawers  ditto ^ * .  - .      3   13     6 

ll)ree  feet  best  four-drawers  ditto 5   1^     6 

Four  feet  five-drawer  best  dittp 8     8     0 

The  preceding  telescopes  fitted  up  elegantly  with  silver  or 

plated  tubes,  from  2/.  25.  to 21     O    O 

Astronomical  eye-pieces^  and  portable  brass  stands  for  the 

aSove,  frpm  lOf .  Gi.  to .2  12     G 

The  new  improved  2^  feet  achromatic  refractor,  on  a  brass 
sUind,  mahogany  tube,  with  three  sets  of  eye-pieces,  two 
n^agnifying  about  forty  and  fifty  times  for  terrestrial  ob- 
jects, and  the  other  about  seventy-five  times  for  astrono- 
mical purposes,  packed   in  a  mahogany  case  » lO  iO     O 

'  Ditto,  ditto,  the  tube  all  brassi  with  three  eye-pieces.  ....•lilt     O 

Ditto,  with  vertical  and  horizontal  rack  motions \6  l6     O' 

The 3^ ket  ditto,  mahogany  tube ••   IB  IS    O 

Ditto,  ditto,  brass  tube.....'. 21     O.    O 

Ditto  all  in  brass,  with  rack-work  motions,  &c 26    5     O 

Ditto,  the  object  glass  of  the  largest  aperture>  and  the 

nick-work  motions  on  an  improvMl  principle 37  16    O 

Ditto,  fitted  up  with  equatorial  motion,  framed  mahogany 
»tand«  divided  altitude  and  azimuth  arches,  ordeclin»« 
tion  and  right  ascension  circles,  &c.  &c.  from  60/.  to. .    lOD    O    O 
Achromatic  perspective  glasses  for  the  pocket,  in  brass,  &c.  * 

tubes,  with  a  change  of  eye-glassos,  from  1^.  to 3    S    O 

New  improved  ditto,  aaswerlns;  the  purpose  of  an  opera 
g^tss,  with  a  compass  an4  helioscope  for  viewing  the 

svin>  firoiti  1/.  3j.  to 2    2    O 

New  improved  achromatic  pocket  telescope,  which^  by  a 
an^l  apparatus  .within  its  tubes,  is  readily  converted  into 

a  small  compouad  microscope .' . .  ^ ,     9  13    6 

An  improved  portaole  7-inch  achromatic  telescope  in  brass» 
with  astand  that  packs  up  into  the  tube  of  the  telescope^ 

with  a  power  for  'astronomical  uses «....     4    4    O 

RfiFV^CTiNG  Telescopes,  fitted  upoitbcr  ujxm  the  Gr^g»^ 
rian,  Newtonian,  or  Hctscjbelian  pxincipltB,  withimpcovad 
wood  pr  metal  stands,  and  other  apparatus,  for  making 
celestial  obfiervfitioQs  in  the  most  commodious  and  accu- 
rate manner. — The  general  prices  are  as  folbw  : 
Ptfteen  feet  in  length,  the  laige  metal  fifteen  inches  in 
diameter^ from 25Cfir.  to ^ 500    Q    0 
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--^Twelve  feet  in  length,   fourteen  inch  ttietal  «...«.«.•  1 200    0    O 

•—Ten  feet  in  lengthy  twelve  inch  metal. .  »♦  *  * , . . . ,  150    0    O 

<— Eight  feet  in  length,  ten  inch  metal  . . « » » 140    0    O 

•'i^ix  feet  in  length,  seven  inch  metal ....  * lOO    0    O 

«>*-Fourfeet  in  length,  in  brass  tube^,  with  ]:)ortable  brass  or 

mahogany  framed  stands,  from  40/.  to « 100    0    0 

The  large  reflectors  upon  the  usual  Gregorian  cansfrucHon  are  made  wth  the 
'vertical  molion  upon  a  newfrincifle,  so  as  to  render  them  more  firm,  and 
steady  while  in  use,  than  ajty  reflectors  mounted  in  thecommon  manner, 
A  four  feet,  7-inch  aperture,    Gre^rian  reflector  5  with 
the  vertical  motion  upon  a  new-invented  principle,  as 
well  as  apparatus  to  render  the  tube  more  steady  m  ob- 
servation ;  according  to  the  additional  apparatus  of  small 
s})eculums,  eye-pieces,  micrometers,  &c.  from  80/.  to. ...  100    O    O 
*Three  feet  long,  mounted  on  a  brass  stand,  common  mount- 
ing.  ^ 23     2    O 

X)o.  with  rack-work  motions,  improved  mounting,  and  metals  39  18    O 
7wo  feet  long,  without  rack-work,  and  with  four  magnify- 
ing powers,  improved 15  15    O 

Ditto  improved,  with  rack -Work  motions 22     1     O 

}i)ighteen-inch  on  a  plain  stand g    g    o 

Twelve  inch  ditto Q    6    O 

Telescopesyboth  refracting  and  reflecting,  fitted  up  with  equa- 
torial, &c.  motions,  micrometers,  adjusting,  compensating, 
&c.  apparatus,  for  the  most  accurate  astronomical  purposes 

Common  M1CRO8COPBS,  from  5j.  to t    1    O 

"Wilson's  single  pocket  microscopes,  from  i I.  4s.  to 3  13     6 

Compound  microscopes  common  construction  from  SLSs*  to    5  15    6 

New  improved  universal  ditto , 7    7    q 

Ditto  with  the  most  complete  apparatus,  from  11/.  Or.  di.  to  12  12    O 

Solar  microscopes  in  brass,  improved,  from  5/.  5j.  to 6^  6    0 

The  new  opake  and  transparent  solar  &  angle  microscopes, 

with  improved  apparatus ; 12  12    O 

Ditto  of  a  larger  size,  with  additional  megalascopic  appa- 
ratus, from  14/.  i4s.  to .^ • 19  IQ    O 

Ditto,  and  best  compound  ditto, , 22     1    O 

A  new lanthornni^t microscope. .•« 779 

The  LucBKNAL  MiCRoscoPB,  as  improved  by  Wl  Jones, 
exhibiting  images  of  opake  and  transparent  objects,  by 
night  or  day,  in  a  manner  singularly  pleasing,  brilliant^    . 
anddbtinct,  with  upwards  of  100  objects,  proper  appa- 
ratus, Argand's  lamp,  &c \ 18  18    0 

Ditto  combined  with  a  solar,  compound,  &c.  apparatus, 
forming  the  most  perfect  collection  of  microscopical  ap- 
paratus   39  18    O  * 

A  portable  optical  apparatus,  consisting  of  a  scioptic  ball 
and  socket,  a  solar  microscope,  Wilson's  microscope,  a 
pocket  compound  microscope,  a  pocket  telescope,  and  solar 

telescope,  in  mahogany  and  brass,  with  directions 4    4    O 

Pocket  microscopes  for  opake  objects,  f^m  1&.  to.  ...••• .     2  12    6 

Botanic  microscopes  for  flowers,  &a  from  9r.  to Ill     6 

A  new  universal  pocket  dkto,  adapted  to  all  sorts  of  objects    18    0 

Ditto  with  adjusting  screw>  silvered  speculum,  kc 2  10    0 

Cloth  microscopes,  from  4j.6rf.  to,.,......, a  10    (1 
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F^f  depripthnt  if  mH  the  'mf  tm^rwti  Micr^eopei,  f4e  fke  fate  Mr,  G.  AtAwn 
BftttyiHMi  tbe  Micratcope,  forncted  and  improved  iy  F.  Kanmacmek.,  r.us.  M\ 
^tk  $lfoii9  flmiei.     Price  \L  ifti.  boardi, 

Bbgic  Unthoms,  with  various  mechanical  figures,  for  phan- 

tasmasoria,  &c.  from  1/.  4s»  to. 6    6  C 

IX>.  with  new  set  of  moveable  painted  sliders,  shewing  chc 
fundamental  principles  of  astronpmy,  with  the  real  and 
apparent  motions  and  positions  uf  the  planets,  stars,  &c. 

aooompanied  by  a  proper  improved  lanthorn,  complete  . .  15  J  5  0 

Single  sliders  for  magic  lanthorns,  each o  5  0 

Ditto,  with  astronomical  diagrams,  each , o  7  <» 

Small  magic  lanthorus,  with  VZ  sliders  of  £nglish  paintings  2  10  O 

Optical  diagonal  machines  for  viewing  prints,  from  l/.  5s,  to  2  2  o 

Penpective  view*  in  great  variety  for  ditto,  each  ; o  i  p 

Scioptic  balls  and  sockets,  for  camera-obscuras,  from  \5s.  to  ill  o 

An  artificial  e}re  in  bra«i,  to  exemplify  the  nature  of  vision  i  15  O 

/or  a  deteriftiofi  rf  the  frincifU  ^j  thii  iv/rument,  as  vuell  as  of  spectacU*^  reaJL^ 
g/asses, ^c. see  G.  Adams's  E$«y  onVision,8vo./>r/f*  5s.SrdedHion  Ay  W.Jo.vl:. 

Camera-obscura  for  the  pocket,  from  I2s.  to 3     3    o 

A  new-invented  folding  ditto,in  portable  morocco  leather  case     2  lO    0 
iMgc  do.  shutting  up  as  a  portable  chest,  the  objects  renre- 

sented  on  paper,  w^th  print  apparatuii  from  5lA5s,  6a,  to    6  *l6    6 
Concaye  and  convex  glass  mirrors,  truly  ground*  in  plain 
black  fnmes,  four,  five,  six,  and  seven  inches  diameter, 

each  lOtf  6d,  14x.  l6s.  and I     o    0 

Eight  inches  diameter  ditto I     2     O 

Nine  inches  ditto .'.'^ 1   lO     o 

Ten  inches  ditto ,' •    116     o 

Twelve  inches  ditto 2    5     O 

Fifteen  inches  ditto  ..  .T 4    O    O 

Eighteen  inches  ditto 6  16    § 

Twenty-one  inches  ditto 9    9    q 

Twenty-four  inches  ditto 12  12    O 

Twcnty-dght  inchesdo .\ 21     O    O 

Thirty  inches  do 31  lO    0 

Concave  mirrors  ground  cylindrically,  possessing  several 

curious  properties  in  the  (tefonnation  ot  objects  ;  1/.  5x.  to    3    3    O 

Concave  raetal  burning  mirron,  (torn  3/.  13;.  6^.  to 21    O    0 

Glass  prisms,  plain  or  mounted  on  stands,  from  10;.  6d.  to    111     6 
A  cunous  set  of  optical  models,  where  the  rays  of  light  are 
represented  by  variously  coloured  silken  strings,  and  il* 
lustrating  the  principles  of  vision,  telescopes,  prisms,  &:c. 

parked  in  case 7    7    o 

,  Optical  Rbckbatiovs. — An  optical  paradox  oontaininr 
two  perspectives,  between  which  a  board  may  be  placed 

and  the  object  will  yet  be  seen  through  them O  10    6 

An  optical  deception  containing  from  six  to  twiAve different 
paintings,  which  are  looked  down  upon  through  a  per- 
spective and  immediately  there  appears  another  very 
different  object  without  any  alteration  of  the  instru- 
ment whatever  or  concern  of  the  person  using  it,  from 

ll.lU.pd.to ; 3    3    O 

A  diagonal  opera  glass,  that  shews  persons  on  one  side 
when  the  glass  is  presented  to  an  objetst  directly  before 
you, from  &.  to ..•• 0  IB    0 


Digitized  by  VjOOQIC 


[  H 

£  s.  d. 
Multiplying  glasses,  making  one  object  appear  many,  from 

3s.  to p  10    6 

A   set  of  anamorphoses,  or  deformed  pictures^  rectified  by  a   * 

polished  cylinder ^ 2  12     0' 


IVIATriEMATlCAL  [NSTRUMEiVTSI 
Theodolites  of  the  common  construction,  and  of' the  best 

workmanship,  from  4/.  4j.  to 10  10  O 

A  portable  theodolitc,with  a  telescope,  level, and  vertical  arch  8     8  0 

1  ^itto  Isuger,  with  parallel  plates,  &c.  divided  to  threeminutes  12  12  O 

Ditto  with  rack-work  motions,  divisions  to  a  minute 22     1  O 

A  4-hich  improved  ditto,   by  which  the  vertical  and   hori- 
zontal angles  arie  shewn  at  the  same  time,  with  rack -work 

motions,  and  portable  parallel  plate  staves,  &c /.  11  11  o 

A  new-improved  seven -inch  theodolite,  with  two  achromatic 

telescopes,  and  contrivances  for  very  accurate  adjustments  33  12  9 

A  Nine  inch  ditto. >.  42    O  O 

A  Twelve  inch  repeating  circle,  French  construction. 60    O  O 

A  n  Eighteen  iiich  ditto ditto. . ., ©O    O  O 

Circumferentors  much  used  in  woody  countries,  from  2/.  2x.  to  4    4  0 
An  improved  ditto,  contrived  to  answer  the  purposes  of  a 

common  theodolite,  level,  altitude  instrument,  kc, .  .  •  5  15  ^ 

Jii  tto,  with  rack -work  motions (5  l6  6 

Surveying  crosses  or  squares,  on  a  staff,  from  lOf.  6d.  to  ..  Ill  6 

A  brass  cylindrical  ditto,  with  a  sUfF 0  18  O 

l.^i tto  with  compass,  agate  capped  needle,  &c. 1  11  6 

^y.  Jones*s  Improved  ditto,  with  rack-work  and  pinion,  and 

moveable  divided  limb,  making  a  very  portable  cross-staff,  • 

compass  and' theodolite,  in  one  smaU  instrument 2  18  O 

Common  six-inch  spirit  levels,  in  brass  from  gtf.  to Ill  6 

Spirit  levels,  with  twelve- inch  telescope  and  parallel  plate 

staves '. 515  6 

Ditto,  with  achromatic  telescope  iid  best  adjustments 6  U5  6 

Ditto,  with  eighteen-inch  telescope  and  circymfcrentor ....  9    9  O 

Two-feet  ditto 9  ig  Q 

Strong  ditto,  most  accurate  and  durable  kind . .  » 13  13  O 

A  pair  of  Station  six-feet  staves,  with  sliding  vanes,  for  le-, 

veiling *  2  18  O 

Vlane tables,  with  index, sights, &c.  complete,  from  4/.4j.  to  6    6  O' 
Pantagraphs,  by  which  any  person  unskilled  in  drawing  may 
copy  plans,  surveys,  profiles,  drawings,  &c.  in  any  pro- 
portion to  th^origmal,  one  to  three  feet  in  length,l/.l&.  to  6  l6  0 
Perambulators  or  measuring  wheels,  upon  an  improved  prin<* 

ciple,  from  Jl,  IJs.  6d.  to 10  10  O 

A  new  pocket  map-meter,  that  correctly  and  expeditiously 
measures  routs,  boundaries,  cross-roads,   &c.  of  maps 

and  plans,  from  1/.  lOs,  to  . .  * 2  12  6 

Gunter's  four-pole  stout  measuring  chain, * O  12  O 

two-feet  navigation  scale,  from  3s.  .to O    4  O 

ditto  improved  by  Donn,  with  directions O    6  Q 

two-feet  sliding  navigation  scales. O    7  6 


thret-feet  ditto  improved  by  Robertson,  with  brass 

ac^asting  screws,  &c  being  the  cumpletcst  scak  of  the  kind    1  1 5    f 
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Gunter^s  Bcctore  of  various  lengths,  wchxI  or  brass  from  2J.  to  5     5 
A  new  pocket  10-inch  box  slicSng  rule  for  solving  all  sorts  ot' 

problems  in  trigonometry,  mensuration,  &c ,.     O     -I 

Measuring  tapes,  1,  2,  3,  and  4  poles,  6j.  7j.  Qd.  gs,  6(Lto     I     O    i) 
Pedometers  for  ascertaining  distances,  to  apply  to  carnages  J  O    O    0 
IVfiner  8  compasses  in  wood  or  brass  for  workmg  in  subterra- 
neous grounds,  from  l/.  l6s.  to 5     5    0 

Cases  of  drawing  instruments,  from  5s,  6iL  to 5     5    O 

Magwine,  or  complete  collection  of  eveiy  kind  of  useful 

•.drawing  instruments,  frojn  5/.  5j.  to 35     O    0 

A  new  portable  drawing  board  and  seat,  the  boafd  folds  up 

for  the  pocket,  and  the  legs  of  the  seat  form  a  walking  suck     110 

Proportional  compasses,  from  il  ils,6d,to  , 3     30 

Elliptical  compasses  of  various  degrees  of  perfection  and  uti- 
lity, from  1/.  1  J.  to 5     5    0 

Farey*s  newly  constructed  \xx\ict  elliptic  machine,  in  brass, 

for  describing  ellipses,  in  the  most  accurate  manner. . . .        4  14    6 
Triangular  compasses,  by  which  three  points  at  once  may  be 

transferred,  from  I3s.  to 1     5    0 

Hair  compasses  that  take  extents  to  a  great  accuracy o    7    ^ 

Beam  compasses  for  dividing  large  circles,  projections,  kc 

from  1/.  61.  to  , 3  13    6 

Bowcompassesfordescribingvery  small  circles,  from  3s.  6d.to    o    0    0 
Perspective  compasses  to  take  the  relative  positions  of  obje<;ts, 

anrics,  &c 118     0 

Parallel  rulers  of  different  constructions,  from  2s,  to ^12     6 

Protractors  for  laying  down  angles,  from  ^.  to i      1     q 

Ditto  circular  with  a  nonius  and  moveable  indei^ • .     2     ^     q 

Ditto,  ditto,  very  best  with  rack  and  pinion '4     ^    q 

Sets  of  protracting  and  plotting  scales  3  instrument^  for  divid- 
ing lines  or  transferring  divisions  on  paper.  An  instnimcnt 
for  describing  circles  from  four  to  six  feet  radius  or  to 
the  utmost   conceivable  distance— rOunners  callipers  — 
Gunners  levels    or  perpendiculars— Shot  gauges---^hell 
ditto— Gunners  quadrants,  with  a  plummet  or  level,  and 
adjusting  screw,  &c.  and  all  other  instruments  for  graphi- 
cal and  military  puqposes. 
Hadlby*s  Quadrants,  mahogany,  the  divisions  on  wood    2    2    0 
Dittomahogany  with  ivory  arch  andnonius,doubleobservation     2  12    0' 
Ditto,  ebony  and  brass,  best  glasses,  engine  divided,  &c.  . .      3     3    0 

Ditto,  with  Ungent  and  adjusting  screws,  &c 31^    q 

jEbony  and  brass  mounted  best  sextants,  from  4/.  4j.  jio    8  18    6 

A  ten-inch  common  brass  sextant [       g    g    q 

MHal  ditto,  framed  on   a  principle  the  least  liable  to  ex* 
pand  or  strain,  with  adjusting  screws,  telescopes,  and 
other  auxiliary  apparatus,  divided  to  l(/\\5^\  or  3&^  the 
'  best  for'taking  distances  accurately,  to  determine  the  longi- 
tude at  sea,  &c.  from  13/.  13^,  to iQ  l6    Q 

A  new  smaU  3-inch  pocket  box  sextant  to  take  angles  to  a 

minute,  from  3/.  3^.  to 4    4    q 

A  ten-inch  improved  reflecting  circle,  that  enables  an  expert 
observer  to  obviate  the  yeiy  minute  errors  of  a  sextant, 
pr  by  repeitting  observations,  to  reduce  sack  epx>rs  to  im? 
inatcrial  (quantities,  from  ip/.  l8j,tQ,,t,,,,,,^.,^,.     ^50 
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Portable  braia  jointed  stands  for  the  iextant  ot  cirde^  in  a 

mahogany  case. , 5  15    6 

Artlfici^  horizons,  bjparalle]  gbsses  in  mahoganjmouating 

and  quickfilvcr,  to  take  double  altitudes  by 118    O 

Ditto' best  kind  in  brass  mounting  and  case 3     3    O 

<Junter's  quadrant,  in  box  from  &.  to. 1     i    ^ 

Steering  and  amplitude  compasses  10s.  6d.  lo 4    4    O 

Azimuth  ditto  improved  of  ditlerent  constructions^  from 

5/.  5j.  to , 12  12    O 

Pocket  compasses,  in  wood,  metal,  and  silver,  from  Is.  6d.  to    5     5    O 
Horizontal  sun-dhls,  in  brass,  made  for  any  latitude,  of 
four,  five,  or  six  inches  diameter,  divided   into  five  mi- 
nutes of  time,  each  at  Sf .  I2s,  and O  lO    O 

Ditto  seven  inches i     i     o 

Ditto  eight  inches,  into  two  minutes 1     6    o 

Ditto  ten  inches,  ditto • 2    2    O 

Ditto  twelve  inches,  ditto .« 3     3     O 

Ditto  fifteen  inches,  into  every  minute,  thirty- two  points  of 

the  compass,  ^c 5  15    6 

Ditto  eighteen  inches  ditto,  ditto,  with  equation  table,  iic.  10  lO    O 

Ditto  2  feet  diameter,  ditto,  ditto 18  18    O 

A  new  vniversal  ditto  and  equatorial,  making  a  very  port* 

able  angular  instrument,  from  8/.  8;.  to 21     0  ,0 

X.'nir/ersal  ring-dial^,  from   I4s.  to 5    5    Q 

A  «mall  box  of  geometrical  solids  cut  out  in  wood,  for  il- 
lustration of  solid  geometry,  from  14;.  to 3     3  '  O 

MiVTHfiMATiCAL  Recrbations.  The  two  curious  mathe- 
matical cubes,  oQe  of  which  is  gauged  so  as  to  prove  it 
to  be  larger  than  the  other,  yet  the  larger  one  will  actually 
^051 /&KW^A/i^Jwa//^  one,  and  not  in  any  degree  St  retch  it  110 
The  mathematical  paradox,  a  piece  of  wood  of  one  figure, 
fits  exactly,  and  passes  through  a  triangular^  square,  and 

a  circular  hole  •  •  • « O    2    Q 

A  double  cone,  that  apparently  rolls  \\p  an  in^fo^plaQe, 
though  actually  descending  *.... • ••       O    6    O 

for  a  general  discnpeioH  and  representation  of  the  inUivmenti  used  in  surveyings  leveiiimgm 
and  mother  branches  if  fr act icai geometry y  ifc.  st'e  the  Jute  Mr,  Q.  Adams's  Gcomc^ 
tripal  and  Graphical  £?says,  (he  Ath  and  Imprvi^d  edition  by  W.  JosCBS^  intwo^u 
%V0,  |8|3#  Vfitk  thirty'fii^e  foiio  copper-p/ates.     Price  1 6s,  ' 

ASTRONOMICAL,  &c.  IiNSTliUMENTS. 

A  portable  Transit  Instru>ment,  with  a  cast-iron  stand, 
to  ascertain  tne  rate  of  chronometers,  and  clocks,  the  longi- 
tude, Seethe  axis  b  twelve  inches  in  length,  and  the  achro-' 
matic  telescope  about  twenty  inches,  packed  in  a  case. ,    IS  IS    0 

Ditto,  witb  a  brass  framed  stand,  and  other  additions  .  •  ••  20    O    Q 
Transit  instruments  of  larger  dimensions  made  to  order* 

A  six-inch  br^  astronomical  drcle  for  altitudes,  lenith  or 
pokr  distsnces,  azimuths,  with  achromatic  telescope,  3i:c.    31  10    O 

A  twriiM-inch  ditto,  from  36/.  15j 68    5    o 

An eighteea-iftch ditto^  best *•••..•,».*,•.••••••   105    O    O 
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L«]jcr  ajtronomical  circles  fbrOb^crvatorics,  made  to  oixlcr 

Universal  Equatorials,  4  ajicj  6  inches  .  • .' 8/.  m.  to  1 3  1 3     o 

Best  improTfd  do.  with  l^pe  axis,  silvor  circles,  &c. .! .  . .   48     6     O 
Ab  astronomical  dock,  with  mercurial,  or  other  com{)en- 

•atingPendttlum  according  to  the  jewelling  47/.  5i.  to 84    •     o 

Planctariums,  shewing  the  phenomena  of  the  Ptolemaic 

aad  Copernican  systems,  from  7I.  7s.  to 50    o     O 

JManual  orreries  of  the  common  construction,   3/.  3j.  to    ,. .      5   15     6 
'  Jones's  ( Wm.)  new  porUble  orreiy,  the  tellurian  pact . . ! !      1     8     O 

Ditto,  the  planetarium  part  with  the  above 3  10     O 

Tellurian  and  planetarium  together,  making  the  A>»  /vi- 
abU  Orrery,  packed  in  boxes,  according  to  the  si^es  and 
wheel-work,  the  earth  a  l|  inch  globe,  from  3/.  13j.  6d.  to    6  l6     6 
Ditto,  mounted  on  wood,  or  brass  framed  stands,  from 

I6L  l6s.io ^ 22     1     o 

A  complete  planetarium,tellurian,and  lunarium,  all  elegant- 
ly in  bras8,shewingthe  motions  completely  by  wheel-wprk, 

packed  in  a  mahogany  cafc  the  earth  a  3  inch  globe \.   37  16     O 

Other  planetariums  and  orreries  in  great  variety,  the  mo- 
tions by  wheel-work,  exemplifying  all  tlie  motions  and  ~ 

phaenomena  of  all  the  planets,  from  .40/.  to icXX)    O    O 

A  Comctarium,  for  exemplifying  the  motion  of  comets  ....  5  5  O 
One  New  Eighteen  Inch  British  Globes— The  Ter- 
restrial, conUining  all  the  latest  discoveries  and  commu- 
nications, from  the  most  correct  and  authentic  observa- 
tions apd  surveys  to  the  present  time  engraved  from  aQ 
aojuratc  drawing  by  Mr.  Atrowsmkb.—Thfi,  Celestial  con- 
Uimng  the  positions  of  nearly  6000  stars,  clusters,  ne- 
bulae, planetanr  nebulae,  &c.  correctly  computed  andlaid* 
down,  by  1^  Jb«^j,  from  the  latest  observations  and  dis- 
covenes,  by  Dr,  MasJulyni,  Dr.  HmM,  the  Rev.  Mr. 
WoUastm,  &c.  ^ 

^\?'  These  are  the  only  modem  18-inch  globes  in  the  Eng- 
lish  language  extant,  the  plates  being  engraved  from  entire 
new  drawings,  and  arc  dedicated,  by  pcnnission.  to  the 
Right  Hon  Sir  Joseph  Banks,  Bart  P.  R.  S,  and  the  Rev, 
l>r.  Maskeiyne,  Astronomer  Royal. 
Ill  common  plain  frames  of  stained  wood  .  8     8    O 

Acompass  fitted  to  both  the  frames  of  ditto "    O    6    O 

Apairofred  leather  covers  for  ditto ...'.*.'.'.' j     8    O 

The  same  globes  in  best  mahogany  claw-feet  Vr^mw'  '^th 

large  compasses  fixed  to  the  claw  feet 13  13    q 


Ditto,  in  more  elegant  and  varnished  framw,  with  improv^ 

brass  sliding  hour  circles,  from  14/.  14^.  to  . .  \^ 

Red  and^taraped  leather  covers  for  the  above,  from  iLioi,  to  -^ 


brass  sliding  hour  circles,  from  14/.  14^.  to  . .  .  is  i8 

^and^tajTipedleather  covers  forthe  above,  from  l/.Voy.*  to  -^  13 
The  New  Twelve  Inch  British  Globes,  reduced  from 


the  above,  being  the  most  recent  and  correct  of  any  exUnt 
mounted  m  neat  mahogany  claw-feet  frames,  with  com- 
passes  • 660 

Ditto,  in  common  coloured  wood  iramcs  !.'. 4    4    0 

Additionalpria^facompass,  andfiuingtobothrio'^^^  0    5    0 

A  pair  of  red  leather  covcra  for  ditto...? o  13    a 

Globes,  nine  inches  diameter,.    . ,                           *  * '  2  12    6 
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Ditto,  ditto,  single  one  iff  a  case  for  tht.'pockct  10s.  6d.  to  O  14  'i9 
Rus^iell's  Sclcnographic  12  inch  globe,  or  a  correct  globular 

representation  of  the  Moon's  jTmc M, S  I'd  Q 

Geographical  planispheres,  to  solve  problems,*  mounted   as 

a  hand  fire  screen O    §  O 

A  bmss  armlllary  sphere,  three  inche«  diameter  .  /. 3  13  6 

A  iovff  inch  ditto r . . .     4  14  (5 

A  sixWh  ditto ..•••••«  -../..     6    0  U 

A  nine  inch  ditto 1*0  lO  O 

A   twelve  inch  ditto 13  13  '6 

Larger di^o,  with  internal  planetarium,  from  2lL  to. . , .  105     O  O 

Fw  a  general  deuriftiM  of  orreriet  and  otker  astron»micaI  inst rumen/ 1^  teeikeLtte 
Mr  G.  Adams's  Astrcnemtcal.  Essays,  8t/e.  ^tk  sixteen p/ntes  |  sixth  editi^/k, puae 
I2u  mpro»i\idbv  W.  JoM&s,  1813. 

,,        I        ._ni    ■  ^ 

PHILOSOPHICAL,  &c.  INSTRUMENTS. 

A  single-barrel  Air-Pumf,  with  receiver,  &c 3     3  6 

Improved  ditto,  exh^isting  more  accurately 5  15  6 

A  small  double-barrel  air-pump,  with  gauge-plate 5  15  t) 

A  middle  si^e  ditto  with  glass- receivers 7  17  6 

A  large  size  table  ditto ^  1 1   1 1  O 

Ditto,  wiih  stage  and  raised  receiver  plate 14  J4  O 

Air-pump  of  the  largest  sort,  exhausting,  most  accurately, 

being  upon  an  improved  construction,  from  20/.  to 3©  18  ^ 

•  Condensing  engines,  for  air,  gases,  &c.  from  7/.  Js^  to 21     O  6 

Papin's  digcAer  improved,  with  a  stand,  &oi 4  14  (> 

The  ^Jicipal  Apparatus  for  ibe  AW  Pump  as  follow  : 
Guinea  and  feather  apparatus,  demonstrating  the  resistance 

oftheaifv  with  one,   two,  or  three  falls,  from    18j.  to..     2     Q  0 

A  set  of  "Vi>^*i-'i^ills  for  the  same  demonstration 1   14  g 

The  brass  hemispheres,  sowing  the  air's  external  pressure, 

from  18f.  to ^.     1   10  O 

A  bell,  proving  that  there  is  no. sound  without  air 0  10  ^ 

Improved  construction  of  this  bell 1     i  t> 

Lead  weights,  with  bladder,  &c.  proving  the  air  8  elasticity    O  17  O 
The  double  transferrer, that  transfers  a  vacuum, &c.  from  one 

receiver  to  another,  by  turn.i\g  stop-cocks  only 3    O  o 

A    model  •  (^f    a  water-pump,   exemplifying  the  nature  of 

pumps,  and  proving  the  absurdity  of  what  is  called  suction  .     110  0 

Improved  forcing  do.  for  a  constant  stream 33  o 

A  single  transferrer,  plate,  and  pipe,  for  a  fountain  ....      1     b  o 

A  copper  air-pipe  for  experiments  on  infected  air 0  1«  O 

A  flat  plate,  collar  of  leathers,  with  sliding  wire,  for  placing 

on  receivers O  \1  O 

An  apparatus  for  firing  gunpowder  in  vacuo 0  18  O 

A  a>pper  bottle,  beam  &  stand,  for  accurately  weighing  air    2   12  6 

A  glass  vessel  for  making  a  fowntain  in  vacuo O    5  S 

Ditto  on  a  larger  and  different  constniction ; OI6  O 

A  glass  with  a  bladder,  shewing  the  action  of  the  lungs  .  ..     O    0  (5 

Ditto  mounted  with  the  figure  of  a  Bacchus  * l   12  O 

A  balance  beam  and  stand .- ) O    70 
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A  filtfTing  cnp,  shewing  th^  patosity  of  vegetables O    5    € 

A  plate  and  piece  of  wood  for  the  saiyic  purpose O    4    o 

An  apparatus  for  strikil^  flintand  stiel  in  yacuo  .,.^  .  .  .  .;     O  IS    0 
Tnc  Torricellian  Barometrical  eitpttriment  ..,•..»,.......     O  I  a    0 

Jmit  stand ••.•., , O    3    0' 

Candlestick G     3    6 

Syringe  with  lead  weight , O  JO    6 

'   ^7X  breaking  squares,  cage  and  cap - .      O  10    6 

Glass  bubble  and  stand O    3    6 

Hand  and  bladder  glasses O    4    § 

With  a  great  variety  of  receivers,  and  other  apparatus,  to  order. 
F.i^hausting  and  condensing  syringes,  from  IQf .  6^.  to  ...  .     ill     6 
£xhausting  syringes,  with  sets  of  cupping  glasses,    breast 

glasses,  with  scarificator,   complete 4  14    6 

Air  fountains  of  copper,    with  syringe  and  various  jets, 

from  5/.  I5s. 6d.to ^    10  JO    O 

Cylinder  electrical  machines,  from  3/.  3j.  to ^  lO  lO    O 

Large  standing  ditto,  from  !5/.  I5s.  to 52  ID    O 

'  Twelve-inch  ?lass  plate  ditto,  with  brass  branch  conductor, 

best  mounting 5    15     5 

Eighteen-inch  plate  ditto  ditto. 7  1 7     6 

Two-feet  ditto  ditto 12  12     O 

An  electrical   machine,  with  apparatus,   for  philosophical 
experiments  and  medical  uses,  packed  in  a  box,  the  cy- 
linder from  six  to  ten  inches  diameter,  from  6Ll6s.6eL  to  l6  l6    O 
Apparatus  for  Electrical  AMachines  asfolhw: 
Electrical  batteries  of  combined  jars,   from  2/.  12j.  6^.  to  10  iO     O 

An  universal  discharger,  with  a  press i 1     8     O 

A  quadrant  electrometer  with  divided  arch  , •• .    O    7     6 

Jointed  discharger  with  glass  handle • .  •• »     O  1©    6 

Common  jointwi  ditto,  ditto O    7    0 

An  useful  and  illustrative  apparatus,  compounded  of  the  lu- 
minous conductor,  exhausted  Hask,  two  jars,  exhausting 
syringe,  insulated  stand,  and  wiree  with  bails,  ^'c.  complete    3     3    0 

Xuminous  conductors,  from  1  2j.  to ' 1     5    0 

Exhausted  llasks,  called  the  Aurora  Borealis O    6    6 

A  thunder  house,  demonstrating  the  use  of  conductors O    6    & 

A  powder  house  for  the  same  purpose  .^ 1 . . . .     0  l6    O 

An  obelisk  or  pyramid  for  ditto ; O  10    6 

A  set  of  plain  bells,  threo  to  a  set , 0    8    O 

A  new  set  of  musical  ditto,  containing  the  gamut 1  10    O 

A  mngic  picture  for  giving  shocks O    7    ^ 

An  electrical  cannon,  to  be  discharged  by  .hydrogen  gas. .     O  }6    O 

Brass  pistols  for  ditto ^ ^•.     0    7^ 

Spiral  tubes  to  illuminate  by  the  spark,  from-(5j.  to  .  . . ,. .     O  lO    6 

Luminous  names,  or  words,  from  10;.  6d.  to .^  ^^     ^ 

Diamond  Spotted  jars,  from  6s.  to ^  .: O  10    6 

A  double  jar  for  explaining  the  Franklinian  theory  « 0  18    0 

Co]>per  plates  and  stands  for  dancing  images O    p    O 

An  electrical  tin  fire  hous^ , , .., O  12    O 

An  electrical  shooter  and  mark 9    5     6 

A  mahogany  stand  for  eggs *0    5    6 

A  small  head  with  hair  .. « ,  .\    O    J    6 
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An  artificial  sutler O   •!     6 

All  cIcctricHi  swan .' ; O    2    O 

An  electrical  star O     1     6 

Halls  of  wood,  bone,  &c.  each  from  Qd,  to O    2    O 

A  magic  or  electrical  bottle,  that  is  charged  by  the  rubbing 
of  a  ribbon  only,  and  \vill  give  a  shock  to  five  or  six  per- 
sons, with  apparatus  in  a  case O  10    6 

A  curious  coMection  of  working  models,  to  be  set  in  motion 
by  the  electrical  fluid,  consisting  of  a  com  mill  and  a  thrcc- 
t)arrelled  water  pump,  worked  by  one  crank  only ;  an  or- 
rery, shewing  the  diurnal  motion  of  the  earth,  age,  and 
phases  of  the  moon,  &c.  ^  an  astronomical  clock,  shewing 
the  aspects  of  the  Sun  and  moon,  age,  phases,  &c,  all  deli- 
cately made  of  card-paper,  cork,  and  wire  only,  packed  in 

adealcase.* « «.. « 3     2    Q 

]Cinnerslcy*8  electrical  air  thermometer 1     1     O 

Cavallo's  atmospherical  electrometer O  10     6 

Ditto,  as  improved  by  Saussure J      I     O 

Hennet*8  gold-leaf  electrometer ^. 0  18    O 

The  new  discharging  electrometer,-  by  Which  the  forces  are 

denoted  by  grain  weights 1    18     O 

Tbe  Aledical  Apparatus  for  machines, comists  of 

Jars  with  electrometers,  from  lis.  to 4     1     O 

A  new   medi£:al  ditto,   for  communicating  shocks  in   the 

most  convenient  and  qualified  manner O    8    O 

A  pair  of  directors,  glass  handles,  wood  points,  &c 0     8     0 

An  electrometer  to  apply  to  the  conductor O    6     6 

A  brass  ball  and  wire  for  taking  sparks.  As.  Qd.  to 0     6     6 

Electrical  insulated  stools  and  chairs,  from  9s'.   to 5     5     O 

A  glass  for  fhe  eye O    4    t) 

Ditto  for  the  ear * O    2    iy 

A  variety  of  other  apparatus   too  numerous  to  be  inserted  herein, 
which,  as  well  as  the  machines,  are  mounted  after  the  most  approved 
and  eligible  methods,  so  as  to  render  them  in  actioij  both  powerful 
and  permanent, 
.^br  a  fiestcrfption  nfHecirical  npparnht.t^  tee  the  late  Mr.  G.  Adams*s  Essay  on  Elec- 
tricity, ^yW.JoNES^Sro.  sir  plates  \  new  fiifffon^  pi  he  lO*.  in  IfoarHs, 
Volta*s  new  Galvanic  pile  of  zinc,  and  silver,  or  copper,  &c. 
plates,  that  produces  spontaneous  and  repeated  electricity, 

decomposes  water,  fuses  wire*  &c.  from  l/.  18j.  to 6  16    6 

Zinc  plates  for  ditto,  sold  separately;  per  1 00 O  15     o 

Ditto,  of  zinc  &  copper  square  plates  in  mahogany  troughs, 

to  form  the  Voltaic  or  Galvanic  Battery  ot  50  2-inch  plates    2    2    O 

Do.  3-inch  plates 3     3     Q 

J?o.  4-inch  plates  for  deflagration,  Sec 5    O    O 

Do.  new  improved  sort  with  ten  double  suspended  plates. ...      2     8    O 

Batteries  of  five,  six,  seyen,  &c.  inch  plates  to  order 
De  Luc*s  new  Electric  Column,  exhibiting,  by  a  ball,  a  per- 
petual motion,  4l.  4s.  to 770 

An  clectrophorus,   complete,  from  10s.  6^^.  to 3     3     o 

The  elcctnc  multiplier  or  doubler. '. .  A. . . .  1 5 j.  to    2     2    O 

Conductors  for  preservation  of  ships,  houses,  &c.  from  3/.3x.  to5    5    o 
A  new  perpetual  inflammable  air  lamp,   lighted  by  the 

electtophorusj  »  curious  and  useful  appjintus 4  14    Q 
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BAEonsTBES,  plain'mounted,  from  1/.  IBs,  to 3     q    0 

KaroineterB,    thermome^rs,    and  hygrometers,  all  in    one 

iicat  mahogany  frame,  from  4l.  14s.  6d,  io 6  l6    6 

A  mw  stick   barometer  for    measuring   the    heights    of 

mountains,  &c 4     4    O 

Ditto,  with  folding  portable  »taves,  gimbals,  &c ,      7     7    o 

'  Marine  Barometers  on  springs  for  floor  or  wall. . .- (S     6    O 

Hook's  wheel  Barometer^  less  comect  than  the  above  common 

form,  from  3/.  3f.  to ^ 6     60 

Thermometers  for  all  the  various  purposes,  from  Qs,  io  ,  „     2     2    o 
Six's  new  therpiometer,  for  shewing  the  extremes  of  heat  and 
eold  in  the  absence  of  the  observer,  from  h   Us  6d.  to  ..     212    6 

Chemical  jointed  scale  Thermometers  to  600  degrees 1     1     o 

An  hygrometer,  shewing  the  moisture  and  dryness  of  the  air     O  iO    5 

De  Luc's  whalebone  hygrometers 2  12    6 

A  rain  gauge,   with  flo^t  and  tin  vessel . .  . 1     4    O 

^Vind  gauges  of  the  constructions  of  Dr.  Lind,  &c O  IS    O 

Accurate  hydrometers  for  discovering  the  strength  &  propor- 
.  tion  of  compounds  in  spirituous  liquors,  from  l/.  iis,6k,to    4    4    O 

Glass  bubbles  for  trying  spirits O  lO     6 

Wydi-ometers  on  the  best  principle,  for  brewing 5     5     O 

An  apparatus  for  hydrostatijcal  experiments,  3/.  13i.  6t/.  to  .  2i     O    O 

A  Glass  model  of  a  diving  bell : ».».     i     40 

Hydrostatic  balances,   from  2/.  I2s,  6d,  to Q    g    o 

A  new  and  very  accurate  do.  the  conical  beam  of  brass 

121.   V2s.  to 52  iO     O 

ArtiSclsX  magnets,  in  bars  and  sets  of  bars,  from  2s,  6d.  to,.,     6    6     O 
Ditto  in  shape  of  a  horse-shoe,  the  strongest  fonn,  1$.  6d.  to     i     10 

Ditto,  combined  to  any  number,  from  12j.  to 21     O    O 

Box  of  magnetical  apparatus,  illustrating  a  variety  of  curious 
and  entertaining  properties  in  magnetism,  containing 
'  the  following  articles ;  a  set  of  six  bar  magnets^  two  horse- 
shoe magnets ;  six  iron  balls  ;  a  magnetometer  j  two  spin- 
nersj  a  dipping  ncedlej  a  gimbal  compassj  two  brass  tables; 
an  armed  combined  magnet ;  six  needles,  and  stand^j  and 

sundry  other  articles  packed  in  a  case,  5l.  5^.  to 7     70 

Dipping  magncticnccdles,  J/.  Ij.  to.. ' 5      5     q 

Variation  Compasses  1  ^.  U.  to 3  13     g 

Maonetica-l  Recreations. The  sensithrcfisbcs,that  fa^vc 
the  proj^erty  of  swimming  toa  piece  of  bread  pbccdatthc 
end  of  a  stick,  and  when  the  other  end  is  presented,  of  re- 
treating and  ofoing  back O    6    6 

Comus's  box-of  two  sets  of  five  numbers  one  of  which  being 
secretly  arranged  is  discovered  by  only  placing  the  other 


over  It . 


2      2     0 


Tyrometers,  shewing  the  expansion  of  metals,  from  3/.  3s.  to  8  8  0 
Ihc  mechanical  powers,  for  illustrating  and  demonstrating 
the  laws  of  .ftiotion,  gravity,  &c.  a  set  neatly  made  in 
brass,  consisting  of  the  balance,  the  pullies,  different 
kmds  of  levers,  the  inclined  plane,  the  wheel  and  axle, 
.  the  screw,  a  compound  engine,  a  compmmd  lever,  a 
double  cone  to  move  up  an  inclined  plane,  friction  wheels, 
weights,  wedges,  &c.  complete 25     4    O 
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tTie  sime  occasionally  made  on  a  more  elegant  and  enlarged 

plan^  for  a  large  auditory,  40/.  to 60 .  O'   O 

I>itto,  with  many  parts  of  the  apparatus  made  of  mahogany, 

and  the  whole  set  packed  in  a  box  18/.  18j.  to 26    5    O 

Separate  sets  of  puUies,  vaxibusly  constructed  and  combined. 
A  small  brass  carriage  with  inclined  plane, and  wheels  of  dif- 
ferent sizes,  &c.  experimentally  proving  the  friction^  re- 
sistance, &c.  of  all  sorts  of  u^heel-carriages 8  18    6 

Fex^usqp's  compound  engine,iA  which  all  the  simple  mecha- 

.    nical  powers  work  together  • » . .     4  14    6 

A  whirling  table,  for  explaining  and  demonstrating  the  laws 

of  tile  planetary  motions,  the  demonstrations  of  the  dec-  .  « 
trine  of  the  tides,  and  other  properties  of  gravity  and  cen- 
trifugal forces,  from  l6/.  165.  to , ..,./-   2§    %    O 

Atwood*s  elegant  and  accurate  apparatus  for  demonstrating 
the  laws  of  accelerated  and  retarded  motion^  ai^  other  in- 
teresting laws  in  mechanics.. .35    4    O 

Several  small  mahogany  models  for  exj^aining  the  centre  of 

gravity,  the  line  of  direction,  &c ^ *    2  j  O 

A  small  working  model  of  a  steam-engine  all  in  bra^s  ....  23     2    O 
A  large  do  being  a  complete  copy  of  fioulton  &  Watts  most 
improved  engine  with  the  boiler  and  apparatus  complete 

84/.  to 1000    O 

Working  models  of  pile  driving  Engine8,Cranes,&c.  3  ^.35.to    6    -(5    O 

Besides  the  preceding,  a  great  variety  of  other  articles  too  numerous  to 

.  be  included  in  this  catalogue,  as  well  as  any  instrumental  article  made 

from  particular  drawings,  or  as  described  by  the  different  writers  upoft 

mathematics,  philosoph3r,  philosophical  chemistry,  &c.    And  studenta 

of  the  sciences  furnished  with  the  most  approved  elementary  treatisesu 

Merchants,  shopkeepers,  acboolmasteca,  and  others  that  sell  agfaia^ 
are  supplied  with  the  best  articles,  and  with  good  allowance. 

Letters  from  the  country  or  abroad,  containing  ordera  or  previous 
enquiries,  explicitly  and  punctually  attended  to. 

PHILOSOPHICAL  CHEMISTRY. 

£.%.  d« 

Glass  jas  bottles,  with  bent  necks,  each  from  4s.  6d.  to 0    7  6 

— —  Retorts  in  great  variety,  each  from  Is.  3d.  to 0    6  0 

Receivers,  deflagrating  jars,  &c.  from  2s.  to 0  12  0 

'— I— Alcn>bics  wifh  heada>  from  7s.  to '.„ 0  16  0 

booth's  glass  appara^M  for  impregaating  water  with  carbonic 

acid  gas,  8cG.  witHiiiaild,  Ire.  &c. 3    3  0 

Woulfe^s  or  Glauber^s  n^ast  distillatory  apparatus  of  three  re- 
ed vers  for  seuarct^ng,  the  fluid  and  gas  1 8s.  to 1  16  9 

Glass-£udiometer,&c«tXi^,  graduatedand  plain,detoDating  tubos. 
stopcocks,  cubical,  &c.  measures,  plain'and  graduated,  digesting 
jatsj  Welter's  tubes  of  safety,  precipitatiog  jars,  filtering  ap- 
paratus, specific  gravity  vessels  and  bubbles,  syphons,  pestle' 
and  mortar,  matrasses  or  flasks,  adopters,  test  jars,  filtering,&c. 
funnels,  evaporating  dishes,  stop  bottles,  various  sizes,  capillary 
&c.  tubes,  rods,  various  jar  covers- 
Eudiometers  by  Fontana,raest]ey,Bertholat,  Hope,  Davy,  &c« 

-  from  7b.  6d.  to...  •>..... ^ 4    4 

Gftfometeis  on  various oonatruetions,  4l(  4s.  to ,.., 42  J2    0 
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Gas  or  Jiir  holders  of  ja pinned  iron,  &c.  1 85.  to ^ i    8  .' 

Improved  do*  with  long  tube,  funnel,  blowpipe,  &c.  for    liuxing 

by  oxigen  gas 4^ , 3    3C 

Pneumatic  cisterns  of  japanned  tin  according  to  size  from  Gs*.  to'  l  jo  & 
A  large  wooden  do.  lor  water  and  anotlier  lor  mercury,  with  an 
usefdi  selection  of  glass^  &c.  apparatus,  for  performing  the  late 

discovered  experiments  on  gases,  &c ; * 7    7  i 

An  iron  retort  and  matrass  stand,  with  sliding  rings,  copper  di.>hs 

Argand's  lamp  with  flffetallic  chimney ^ I    5  & 

Do.  all  made  o1  brass,  pillar  jointed,  Ac ^ $2  1' 

An  apparatus  consisting  of  two  connt^-ted  bruss  stopcocks  with 

bladders,  glass  receivers  with  8to|)cock,  a  plain  brass»  jet,  revolv- 

iog  do, soap-bubble  pipe,&c.  an  useful  and  entertaining  appara- 

,   tus  for  containing  and  compounding  oxigenand  hydrogen  gases 

for  detOfnati«n^  ignition,  or  exhibiting  tiiephilusophieal  iSre^ 

'works^&e ^...v-...  - r....^ 2  12  5 

A  brass  blowpipe  with  caps  for  fluking  minerals.  &c , o    16 

Do.  with  platina  spoon,  roegahiscope,  floxes,  and  sundry  smalT 
apparatus,  packed  in  a  %sh  skin  case,  forming  a  complete 

pocket  raineralogicaHaboratory ^ 2  J3  0 

Magellan's  portable  table  lamp  furnace,  with  the  blowpipe,  its 
brass  supports  and  appendages,  small  glass  retorts  ami  vessels, 
&C.&C.  tor  performing  chemical  as  well  as  mineralogical  experi- 
ments on  a  small  scale # .^ ; 5    5  (^ 

A  double  constant  blast  bellows  to  apply  to  the  blowpipe  of  do. 

for  oxigen  gas * 2  12  0 

A  self  actme  spirit  blowpi|>e  with  jets... ^ « 2    2  & 

An  universal  and  portable  iron  table  charcoal  furnace  for  rpduc 
tionsof  ores  and  metals,  distillations,  decomposition  of  bodies, 

&C.&C ^  \5  G 

An  iron  retort  and  pi^  for  oxigeu  gas  from  mangauesei  with 

brass  jointed  conductmg  tubes.... < ^, I  11  6 

Leaden  retorts,  receiver  &  bottles  for  the  fluoric  add  from  5s.  to  0  12  0 
A  new  apparatus  of  lead  for  etching  on  glass  by  the  fluoric  acid  1  4  0 
A  min^ogictU  goniometer  to  measure  the  angles  of  chrystals  ...  I  4  0 
A  small  boxof  seometrical  solids,  cut  in  wood,  for  representing 

thefonns  and  varieties  of  chrystals  11.  5s.  to .5   3  a 

Of  Platina.— -Small  retorts,  crucibles,  dishes,  spoons,  forceps,  thin 

rolled  foil*  wire,&c.  peroz.  11.  is.  to , „ 1  15  0 

An  hydrogen  gasmaclune  for  producing  instantaneous  light 4  14  6 

jbavoisier's  improved  elegant  apparatus  for  exhibiting  the  for- 
mation of  water  by  the  slow  comoustion  of  hydrogen  gas  in  an  at- 
mosphere of  oxigen .„..« 7  n  6 

A  mahogany  chest  oontaining  42  stopped  glass  phials,  of  various 
tests,  re-aeents,  fluxes,  precipitants,  &c.  £c.for  theexaminatbn 
of  minerals,'analysi8ofwater,and  other  chemkM., experiments  4  14  6^ 
Do.wit^  56  or  more  phials,  and  extended  appar^tuftiit  the  desire 

of  the  purchaser  61.  6s.  to ^...4, 15  J5  9 

A  portable  chest  of  28  phial8,containing  chemical  preparations  for 
j)erforming  a  variety  of  entertaining  &  instructing  experiments 
>vlth  sympathetic  inks,  dyes,  phospnoric,  &c.  exhibitions,  with 

book  of  directions „^ 3  13  C 

With  all  other  genera]  and  specific  articles,  and  apparatus  descri- 
bed by  the  best  writers ;  whose  treatises  may  abo  be  bad. 
For  prices  of  gal  vanic  batteries,  and  hydrostatical  balances,  see  page 
11  and  12  of  thisCatalogue*  ^ 

Select  and  suitable  lists  made  out  for  the  purpoie  of  private  <v 
public  lectures. 
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BOOlf  S  PUBLrtHED  BY  W,  JONES. 

A  Description  and  Use  of  the  New  Portable  Orreiy,  to  which 
i«  prefixed  a  short  account  of  the  sok]"  system,  including  a 
concise  description  of  the  recent  discoveries  byJDr.Herschel, 
the  New  Comet,  &c.  with  four  copper-plates,  6th  edition     0    3    O 

A  Description  and  Use  of  the  Hadley*s  Quadrant,  with  an 
account  of  all  the  new  apparatus  added  to  it,  for  taking 
observations  accurately,  in  order  to  determine  the  longi- 
tude at  sea ;   illustnited  by  copper-plate  figures,  2d  edit.    O    1     6 

A  Description  and  Use  of  the  Pocket  Case  of  Mathematical 

Drawing  Instruments,  illustrated  by  copper  plate  figures    6    1     0 

M^thcMis  of  finding  a  Meridian  Line,  to  set  sun-dials,  regu- 
late clocks,  watches,  &c O    O    6 

Directions -fbr  finding  a  MfHdian  Line,  on  a  card O    O    $ 

A  concise  Explanation  of  the  Barometer,  Thermometer,  and 
Hygrometer,  with  rules 'for  predicting  changes  in  the  wea- 
ther, in  a  small  book  6d,  on  a  pasteboard  varnished O     1     O 

Cowley's  lUustfatron  of  Solid  Geometry,  containing  42  cop- 
per-plates of  moveable  figures  5  a  work  very  useful  and 
convenient-  for  teachers  and  young  students  in  geometry, 
as  the  figures,  when  folded  up,  form  exactly  the  solid 
figures  of  the  Platonic  bodies,  conic  sections,  and  several 
|M)rtions  of  Euclid's  Blements,  &c.  &c.  boards 1     4    O 

Other  Books  so  to  by  W.  and  S.  JONES, 
Hutton*8  (Dr.)  Mathematical  Dictionary,  2  vols,  boards  ...     5  '  5    O 

Mendoxa's  Astronomical  Tables,  &c.  boards 2  10    O 

The  Philosophical  Transactions  of  the  Rpyal  Society,  coQ^ 
taming  11  vols,  of  the  Abridgment  j  and  from  thence, 
the  Continuation  at  large  to  the  present  time ;  the  In<kx, 
with  Birch*s  and  Sprat's  History,  5  vols,  all  in  uniform 

clean  calf  binding  and  tooled  backs,  in  <55  vols.  . . ,, 66    Q    O 

Vince*s  Treatise  on  Astronomy,  in  3  vols,  boards,  new  edit. .     6    O    O 
Bode's  large  Imperial  Celestial  Atlas^  with  folio  book  of 

astronomical  tables  and  directions 8    6    9 

Keith's  Introduction  to  Plane  and  Spherical  TrigDnomctry, 

boards 0  12    O 

Mackay's  Theory  and  Practice  of  the  Longitude,  2  vols. 

boaxds,  new  edition.  ••....♦. '....•    2    2   .6 

— —  Complete  Navigator , O  tt    O 

Cavailo*s  Treatise  on  Magnetism,  with  Supplement,  3d  edit.    O    8    O 
Mountaine*s  desoiption,  &c.  of  Robertson's  improved  3  feet 

sliding  GrunterV  scale . . , •; ,.    o    2    O 

Moore's  Practical  Navigator,  or  S«iman*s  Daily' Assistant. .     O  12    O 

Nautioil  Almanacks,  a  complete  set  bound,  30  vols.» 7    7    O 

I)^tto  for  any  year  tal8l7...<.^... Li> O    5    O 

Requisite  TaUes  to  the  above,  unbound,  with  appendix  • . .  •     O    5    0 

Kobertflon's  Elements  of  Navigation,  new  edit.  2  vols 1  12    O 

Wile's  Method  of  finding  the  Longitude  by  Time-keepers, 
and  Doa^ptioQ.  of  a  portable  Transit  Instrument^  &c.  •  •     0    3    0 

FINIS. 
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BY  THE  LATE  G.  ADAMS', 
NOW  SOLD  BY  W.  AJ^D  S.  JO.XES. 

1.  .  ESSAYS  ON  THE  MICROSCOPE,  containing  a  particular 
Description  of  the  most  improyed  Microscopes ;  a  general  Histoiy  o; 
Insects,  their  Transfonnations,  peculiar  Habitji,  and  Economy  j  an 
Account  of  the  various  .Species  and  singular  Properties  of  the  Hjdrx 
and  Vorticellae ;  a  Description  of  379  Animalcnla ;  a  View  of  the  Or- 
ganization of  Timber,  and  the  Configurations  of  Salts  whea  under  th^ 
Microscope,  &c.  &cr.  Second  Editiofi,  with  considerable  Corrections, 
Augmentations,  and  Improvements,  and  occasional  Notes  j  together 
with.  Instructions  for  Procuring  and  Collecting  Insects,  and  a  new  co- 
pious list  of  the  most  curious  and  interesting  Microscopic  Objects  ; 
by  Frboeric  Kanmacher,  F.  L.  S.  Jin  one  large  Volume  4to,  and 
illustrated  by  thirty-three  folio  Plates.    Price  l/.  lOV.  in  boards. 

IL  GEOMETRICAL  ANI>  GRAPHICAL  ESSAYS.  This 
Work  contains,  1.  A  select  Set  of  Geometrical  Problems,  many  of 
which  are  new,  and  not  contained  in  any  other  Work.  2.  ITic  De- 
scription and  Use  of  those  Mathematical  Instruments  thatai^  iwnallv 
put  into  a  Case  of  Drawing  Instruments.  Besides  these,  there  are  also 
described  several  new  and  useful  instruments  for  Geometrical  Purpose*. 
3.  A  complete  and  concise  System  of  Surveying,  with  an  Accouat  of 
some  very  essential  Improvements  in  that  useful  Art.  To  which  is  add- 
ed, a  Description  of  the  most  improved  Theodolites,  Plane  Tables,  and 
other  Instruments  used  in  Surveying;  and  most  accurate  Methods  of 
aidjustmg  thtm./  4.  The  Methods  of  Levelling,  for  the  purpose  of  con- 
rtyiug  Water  from  one  place  to  another ;  with  a  Description  of  the 
most  improved  Spirit  Levels.  5.  A  Course  of  Practical  Afilitarv 
Geometry,  as  taught  at  the  Royal  Academy,  Woolwich.  6.  A  abort 
£8S^y  on  Perspective.  The  Fourth  Edi^tm,  corrected  and  enlarged,  with 
the  Description  of  several  Instruments,  &c.  nnnoticed  in  the  former 
Edition,  by  W.  Jones,  F.  Am. P.S.  -,  illustrated  by  35  Copper-plates,  ki 
2  Vols.  8vo.    Price  i6s,  in  boards. 

III,  AN  APPENDIX  TQ  THE  GEOMETRICAL  AND  GRA- 
FHICAL  ESSAYS,  containing  the  following  Table  by  Mr.  Johm 
Galb,  viz.  a  Table  of  the  Northings,  Southings,  Eastings,  and  Wc?t- 
ings»  to  every  Degree  and  Fifteenth  Minute  of  the  Quadrant,  Radius 
from  1  to  100,  with  all  the  intermediate  numbers,  computed  i<> 
three  Places  of  Decimals.    Price  2s»  6d. 

IV.  ASTRONOMICAL  AND  GEOGRAPHICAL  ESSAYS, 
containing,  I..  A  full  and  comprehensive  View,  on  a  new  Plan  of 
the  general  Principles  of  Astronomy,  wilh  a  full  Account  of  the 
Discoveries  of  Dr.  Hbrschel.  2.  The  Use  of  the  ccekstial  and 
Terrestrial  Globes,  exemplified  in  a  greater  Variety  of  Problems  than  arc 
to  be  found  in  any  other  Work;  they  an  arranged  under  distinct 
Heads,  and  interspersed  with  much  curious  but  relative  Information. 
3.  The  Description  and  Use  of  Orreries,  Planetarinms,  &c.  4.  An 
Inttxxbction  to  Practical  Astronomy,  by  a  Set  of  easy  and  entertaining 
Problems.  Sixth  Editiony  corrected  by  W.  Jonbs  8vo.  Price  128.  iu 
UxiaU  illustrated  with  sixteen  Plates. 

^rlcndinning,  Printer ^  25,  kaUon  Gardtn^  Unddiu 
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This  book  should  be  returned  to 
the  Library  on  or  before  the  last  date 
stamped  below. 

A  fine  is  incurred  by  retaining  it 
beyond  the  specified  time. 

Please  return  promptly. 


